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ABSTRACT 


Controls on soil phosphatase activity were investi- 
gated an three studies, with the following objectives: 
(i) characterizing phosphatase activity in surface sam- 
Plese Ot, lwo. SOLlS by deverminatilon of pH optima. and 
Ke and as (Aa) examine WeOntroOl Of, mMicrollai=pios= 
Dlatease syiunesis Dy Orthopnosphatwe in incubaved soit 
Sampiess -avd (114) examinianes temporal and spatial vari - 
EtLOnMOL DNOSphatase activity inpsei lt, and relating 
cCOneroMs son phosphatase activity ay the microsite to 
Poe -errecu Of crop, rovation, and,feruilizer on, enzyme 
Pevels in the field. 

Phosphatase activity in samples of a EPlack Cherno- 
Zemue SOil and a Gray Luvisolic soli possessed an 
alkaline (phee-9) and a neutral (pH 6-@) pH optimum, 
CesvVCulVvel yi narcaulineg dittercncecmin the relative 
amounts of plant and microbial phosphatase present. 
Application of Michaelis-Menten kinetics yielded ap- 
parent x Values Or 2.2 and “2.3 mM andeapparent aye 


values of 5.6 and 14.5 umoles p-nitrophenol hie Sa: soil 


ax 


fOr vie two soils. Discrepancies in fit of Michaelis- 
Menten kinetics to soil phosphatase activity measurements 
Suggested a multiple enzyme-environment system. 
Measurement of phosphatase activity, CO. evoLUGLoOn, 
end éxtractable P in incubated samples of a Gray Luvi- 


solic soil which received two successive pulses of 
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nutrients (glucose and NH NO, with and without KHPO , 

in the first pulse, and treatments switched in the 
second pulse) indicated that added P repressed Synthesis 
Of acid phosphatase: by the proliferating microbial 
popula baoreimoreymian synthesis of alkaline phosphatase. 


In the treatment which received glucose, NH,NO and 


re ee 


KH,PO itveoie miret pulse TolVowed by clucose and 


4 
NANO ins thie -siecond pulse, residual added P and 


es 
Stapllizedy phosphatase from the Tirst incubation period 
prevented marked derepression of phosphatase synthesis 
im tie second period. 
In a Black Chernozemic soil near Ellerslie plant 
growth over the growing season increased levels of phos- 
Bhatase In the rhizosphere... “AXsingle application of N 


= hardawithouts pee oe le thes) ora? alone 


eco ke whee 
did mou chance soil phosphatase aciigivy signiticantly. 
Acid phosphatase activity measurements on soil samples 

6f the Breton Plots (representing 49 years of specific 
Crepoing sysvems and fertilizer applicavions) on @ Gray 
luvisolie soil indicated that the PTive-year rotation 
(wheat, oats, barley, hay, hay) produced higher levels of 
phosphatase than the wheat-fallow rotation. Pertilizer 
treatments which increased plant production and soil 
Organic matter levels tended to inenease soil phosphatase 


Hotivity. biming of the acid soil reduced acid phos- 


phatase activity. 
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INTRODUCTION 


ipise bess isa study of soil paosphatase activity. 
ite COMGIS Lomo Givelchanters :Othestimerchapter is 4 
literature review, the next three chapters describe the 
experimental work and report the» results obtained, and 
Theupigihnechaplervisea briervstummary Or the? conclusions 
Or chismisiudyo tTaAlthough each of the chapters describing 
the experimental work is an integral unit, discussion 
CLreecsulice ini chaplhere’ Ss °andw4einesrporates findings. of 
previousyvehapters ss furthermore, the literature review 
is supplemented by an introduction within each of 
Chapters. 2,55, -eand 4. 

The experimental work consisted of three studies: 
ties irecicharacterized) phosphatase vactivity e1esurrace 
Sampiesmoll bwotsoiissin y lerms of pl yopvimavand kinetic 
constants; the second investigated control of phosphatase 
Schivatyabysertiophosphate inmincubated  samptesmottcoik 
inothe laberatory~(representing;» control at the microsite); 
the third examined expression of control of phosphatase 
activityiby orthophosphate in the field, together wwith 
the effect of crop and fertilizer on soil phosphatase 
activity.e The firstitwo studiés represented laboratory 
workeewhmlicoeths thirdestudy tinvolved séxaminavionvor msoik 
eanplestirom field plots, and tested some of the findings 


of the laboratory studies. 
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CHAPTER 1 


LITERATURE REVIEW 


Dia Hewat resol wou) Phosphatase sieulvs ty 
Pol ele LOLroducei.0n 


The name "phosphatase" is used to describe a broad 
erodup.o1 enzymes which catalyze the hydrolysis of both 
esters and anhydrides of phosphoric acid. In soil the 
substrate molecules for these enzymes are phosphate esters. 
Three kinds of phosphatase have been shown to exist in 
SsoUullimiveazieand Tabatabai, 2977): phospherie monoester 
hydrolase (2Ges - 3) yaad so. calied phosphomonoesterase, 
boo@epiocicrCres ter pydrolase (ECy2.1.2),salco caliced 
phosphodiesterase, and "phosphotriesterase," a type not 
classified by The Commission on Enzymes of the Internation- 
al Union ef sbilochemistry bub shown’ Go act uponwathe substrate 
tris-p-nitrophenyl phosphate. Most studies on soil phos- 
phatase activity have been concerned with the two phos- 
phomonoesterases—alkaline phosphatase (EC 3.1.3.1), and 
acid phospiatase, (EC 3.1.3.2). Phosphodiesterase activity 
im.so0ilyhas not been examined extensively;.this enzyme 
eatalyzes the initial hydrolysis of nucleic acids and 
PicspRolipids, compounds comprising muchsof the enganic 
P fraction of microorganisms (Alexander, 1977) and plants 


(Bieleskigeh973). 
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Suu jime(0976) stated that soil desa livine system 
where all biological activities proceed through enzymatic 
processes. “Ihese processes may be intracellular er extra- 
Cellular= (he ‘speciiic activity mediated py phosphatases 
is the Mineralization OT organic phosphates yielding ortho- 
phosphate (Figure 1). Phosphate esters primarily from 
animal remains jand excretions, plant residues, and micro- 
bial biomass are bydrolyzed, and the resulting ortho- 
phosphate is absorbed by microorganisms, or remains in 
the solr =soluvion*where it May be quickly adsorbed or 


precipitated. 


1.1.2 Assay methods 

This section will briefly describe the methods for 
measurement of phosphatase activity in soils. The presence 
CO tiieeeumzyne Tm soll 1s detected by siie sccurrenes oF 
the reaction catalyzed by it, and the amount of enzyme 
isses bimeued= oy bie reaction rate (Galersen, 1972). In 
Such assays tne enzyme is not extractuéd trom the: soil 
Maitix prior’ to Measurement OL acCuiviuy. “In addiuion, 
qualitative methods have been developed to test for phos- 
phabase production by microorganisms wsolaved from soil 
(Kracwi niloviand Kovelev, 19573) Greavecwen al., 19635 
Greaves and Webley, 1965). There are few reports of 
activity measurements on phosphatases extracted from 
Sciusueveno, 1977; Batistic et al., 1980; > Nennipieri 


eu al. 1980). 
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Figure 1. ‘some transformations of soil P, 
maLeaving whe Sources) Cf substrate 
mineralized by phosphatase, and the 


fate of orthophosphate released. 
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Ene ecanly studies of soil phosphatase activity em- 
ployed natural substrates such as glycerophosphate, 
nine Ved G20 hd. Ss... and enero phosphate; with activity 
measured by determining the inorganic phosphate released 
by hydrolysis. These substrates often required long 
incubation times, and hence use of a bacteriostatic agent 
(Ora rsherdlant eto mrevent microbial proliferation and con- 
SGC Meine ssa mideta on. of substraterand product during the 
assay. Toluene and ionizing radiation have been used 
hy tela MinaLe! microbial. proliferation during: the assay. 
Methods depending on measurement of inorganic phosphate 
released by the reaction are complicated by adsorption of 
inorganic phosphate to soil components in the assay mix- 
putea cobnd sovace1961)s showed that sorpsion of anor- 
Conic pho snhacet sbi i.0LlSs. may Joccurs gin) 2 ory 3 ustagesi.... An 
artificial substrate—defined by Speir and Ross (1978) 
as a substrate neither identified as, nor suspected of 
being! a compound of soils organic P—was first used by. 
Kor adal: yet va 1A (L955) oe Artificial substrates have two ed= 
vantages over natural substrates: the relatively low mo- 
lecular weight esters used undergo more rapid hydrolysis, 
oboe orga rec, MmoLeby re lLeaseds in mile wr sactlions 1s. easily 
determined (Speir and Ross, 1978). Buffers are also used 
i eseay ce Of Soll whosphatage: 2Ctivaly op teciiitate de- 
Lerivinia MLoM Of acihivdy. at the. pk oprimim Of sube enzyme , 
and to prevent changes in pH during the assay which may 
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Suvstnaces in buifered assay mixturessacenigher ten- 
PeGatUves ace Tpdices Of potential phosphatase activity, 
and de not Pe etna ea towards natural sub- 
Sstraves in situ. 

Kroliget al, (1955) developed a method for measure— 
ment of soil phosphatase activity using phenyl phosphate 
as substrate, in which 100-200 mg of phenyl phosphate 
Cissolvyedsin distilled water a6 ,addedq to 10.¢ of toluene- 
treated air-dry soil. After 24 hours the amount of lib- 
erated phenol is determined by the Folin-Ciocalteu method. 
Although the authors suggested that determination of or- | 
LeOpnesplale remaining in the Piltrate,of the assay mix- 
Lure peovides an estimate ,.of the biologically significant 
phosphatase activity, some of the orthophosphate released 
Dynehzyme le cliyiluy is sadsorbed by ecoi ls and ences their 
hypothesis is tenuous at best. Kramer and Yerdei (1959) 
alseouused = poenyl phosphate as aesubsinate. 2 a ¢ sample 
“MOtescotleicschaken with 2.5 mil.,of wolvuene tom 15 minutes, 
Aen vot sO. 57 edisodium phenyl phosphate (oH?) ane added, 
Sndethenmixturesis ancubated for 2 heures au 3/90.) Apyche 
end .of the incubation period 100 ml of 0.3% .potash alum 
aresscdceds ug Bhe Treactuion mixture, waieteis subsequently 
filtered. Ror determination of phenol anvehe filirae, 
an aliquot (0.5-2 ml) is treated with 5 ml of borate buf- 
fer (pH 9.4) and 4 drops of Gibbs reagent (2,6-dibromo- 
quinone-chloroimide). Thée.intensity sor blue lcoolen fonmed 


ig measured colorimetrically at 660 nm after 30 minutes. 
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Ramirez-Martinez and McLaren (1966a) developed 
aeLl@orimetric technique for determination of so7 l 
Paosphatase activity in which a fluorogenic substrate 
(sodium g-naphthyl phosphate) is hydrolyzed by the soil 
enzyme yielding a fluorescent compound (8-naphthol) 
Wiech cam be measured directly in tne Soil extract. 
They snowed what devection of B=napnthol. is relatively 
Unatiteeued by Unhyorolyzed substrate and soil extract. 
Reténtion of product (@-naphthol) by soil must be taken 
Tot OeacCCOUNG MOreQuanuLtativemwork. @Uurghermore, 10 
Some SoLlS addition of NaOH’ to stop the reaction at the 
end Of the incubation period”and vo raise the pH above 
ti produces a dark colored extracy in which p-naphthol 
fluorescence is masked by background fluorescence. This 
proDlem requires 4 modification of, the meounod. 

The method used in the present study is that of 
Tabatabai and Bremner (1969). It involves colorimetric 
determination of p-nitrophenol released by soil phos- 
Distaccmecurviby wien soll Ls incubated With DUriered 
Sodium o-nitrophnenyl phosphate solution” and toluene av 
S70 for 1 hour. Tabatabai and Bremner (1969) compared 
their method using p-nitrophenyl phosphate as substrate 
with that of Kramer and Yerdei (1959) which uses phenyl 
biospuate. Kecults tor samples” of Suriace mMorizons of 
eight soils were similar, but usually larger values were 
obtained with p-nitrophenyl phosphate as substrate. It 
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Reprepnenolewas-stable for e2, hours} the color @dsver- 
eped dvring@ phenol determination” using ®the method or 
Kramer and Yerdei (1959) was not stable for 24 hours, 
and strict control of temperature and pH was required. 
Cervells et@al.*(1973) “stated! that ®inethe@method! of 
Tabatabai and Bremner (1969) adsorption of substrate 
affects the activity measurement, and determination of 
Michaelis-Menten constant for soil phosphatase. They 
assumed that the reaction takes place in solution, 

and derived an equation for Rn determination which 
accounts for substrate adsorption. 

Gerritse-and van Dijk (1978) developed a method 
TOradetvertitnavyron” OF phos piaeeoe activity in the pre- 
sence or Larce-amounts of organic mavyer Such” as oe- 
Curc= fee cugrace horizons “obs soruie@and “aninal wasives. 
iieyeuse p-nitrophenyl phosphate as substrate, and the 
product formed (p-nitrophenol) is separated from the re- 
2GuUL0n mixture by high ace Ee liguid chromatography 
onma celluloge-column to: facilitare determination by ab- 
sorptlometry without. interference from dissolved organic 
Matwer or substrate. The method enables measurement of 
p-nitrophenol concentrations down to 0.1 uM, so that 
Vervelow COmcentravions Of “SUbSUrate can ber Used. »Prur- 
ther, because the authors showed that acid and alkaline 
phosphatase are strongly inhibited by orthophosphate at 
Concentrations above O.1 mM, substrave concentrations 


in the range of 0.01-0.1 mM were used. The measurements 
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Can be corrected for adsorption of product (p-nitro- 
phenol jeby soil in the CeaciioOn Mixtuge: ad soration 
isotherms should be determined for each soil used. 
The authors suggested that the phosphatase reactions 
may take place at particle surfaces due to adsorption 
of enzymes and substrate, and so omitted correction 
BOs sc sOrnption of subs tea tey. 

Theregare ew reports of vdetermination of phos- 
phodiestierase and phosphotriesterage activities in 
conte Ve wagieand  Tabatabai 1977) .and Nayane (1977 ) 
used bis-p-nitrophenyl phosphate as substrate in 
Measuring wponGephodilesterase.activisy, of soil and tojish 
eximacterespectively, determining the p-ni trophenot 
released in the reaction. Hayano (1977) showed that 
the extracted enzyme iso hydrolyzed stwo muckeotide 
phosphodiesters—2!-deoxythymidine-3!-p-nitrophenyl 
phosphate, and 2'-deoxythymidine-5!'-p-nitrophenyl phos- 
phate. Browman and Tabatabai (1978) developed an 
improved. method yom agsay of .phosphodiesterase activity 
in soil which uses bis-p-nitrophenyl phosphate as sub- 
Stra.e,, andsinvolves extraction of p-nitrophenol with 
0.5 M CaCl, and 0.1 M tris-(hydroxymethyl)aminomethane 
(pH 12). These reagents give quantitative recovery of 
p-nitrophenol added to soil, and do not cause chemical 
bvdmolyesidsomt the substimate.,) ln measmpements of ohos- 


photriesterase activity in soil, methylparathion (0,0- 


a iz Ke 
fi }, : 4 

at an 7 7 ; sonny a a 

ne gpbegaonts (one 
5 oe yhway SPUs. (ae 
: Yo 
miehiraes wa,nat GVA 8 
a JS0nen ba at ‘onk oe Hy 


migoet em Posed oe ae te : a ae bie aaa 0 
a p 1 ip! an Se OO DE) a0? 7 
bel 


ae 


eoan be) CLeantr7scga ‘Yes piles apt oe rebate ; - : 
Hi Chee iw ton ee ~toat ehaapie ee Wagth eashong hoe 


‘e, 


Glee | a 


47018 depen. Bide ONES! witpipiid fue jreelt «eidedy " 

el ase Gm Ma od edge Sypedian 2 Lament hega * 

oa ns Tyoe Wi vee seen pane? he ikp iste s) Ate eeee 

A donnie +> iiy WA startet sifaveinague “Settgs 

‘ads Hever beer | ores ee rer gic ei Seneaier 

herbals av’ fegeté weg a Re mayan betonnten add, 

SKinee , hc etage'  redetid allman myer Sted oxi bo lqande’,s 
=e! bapasipe ei a" 4 sain Ih) » phedgense, 
Phe erro ndaetge 

: 


ca Hors on bavengal: _ 
Laem lpddy Bios: nt” 


we. Ste todas Seer? tae 


porte erees sdiiauart:. 

«gua cy od nl wea ps 

' | | erty henudigeaciony oa 
necting ntinn ide _ 
oh i ae oe} sgy bar 
saeeeney mite: fig adi, 


RG 


dimethyl O-p-nitrophenyl phosphorothioate) (Kishk et 
al., 1976) and tris-p-nitrophenyl phosphate (Eivazi 
and Tabatabai, 1977) have been used as substrate. 

A disadvantage of the use of p-nitrophenyl phos- 
phate as substrate in determination of soil phosphatase 
activity has been described by Cosgrove (1977). He 
suggested that p-nitrophenyl phosphatase activity may 
not be" correlated with phosphatase activity towards 
compounds such as inositol phosphates and nucleotides, 
which are alcoholic (as opposed to phenolic) esters. 
inis=provlem May be overcome" by tne assay scheme ior 
Rammler and Parkinson (1973) and Rammler et al. (21973) 
in which substrates such as the phosphate esters of 
4-(p-nitrophenoxy)-1,2-butanediol and related diols 
se sco, vive dlol™ released Dy hydrolysis oT*ine ester 
is oxidized with periodate, yielding an aldehyde which 
is Greaved-with a base to produce tne p-nitrophenoiate 
LON. 

Harrison (1979) suggested that in studies where 
Son le* vary ins bulk-density, 2% 258 More appropriate’ to 
express soil data (including phosphatase activity 
measurements) in terms of soil volume rena soil) rather 
than soil weight ie soil) .-*Furthermore,” farrigon 
and Pearce (1979) stated that it was necessary to ad- 
jist DNOspMaLasecsactvivaity data to Tieday temperature it 
nue ObLoOlopgacal™ sienificance of phosphawase in uke 


seasonal process of generating available P in soil is 
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to ebe appreciated... [lt may be argued that because 
phosphatase activity measurements indicate amounts of 
active enzyme present, and hence potential activities, 
adjustment of data to field temperature by itself will 
nob provide estimates of biologically significant enzyme 
BCUMILUV Am J LaeT TL acCLOrs Such)as substrate (concentration 
Side ruesnawure or the soil microenvironment alfect. phos - 
phatase activity in situ, and hence must also be con- 
eieered. 

Variation in methods for measurement of soil phos- 
phatase activity has been the source of some disagree- 
ment in the literature concerning the nature of phos- 
phatase activity in soil. Furthermore, Ramirez-Martinez 
euculclhearem b060b) suggested that contradictions in 
bhe literature may be due to an inadequate understanding 
of the limitationsin the methods used, and a tendency 
to generalize too widely from experimental results. 
Berman (1969) pointed out the difference between p- 
nitrophenyl phosphatase activity (or that obtained with 
Snvearulmictal substrate) and the ecolocicadly signifi 
cay “pmosphatase activity. In samples or lake water 
the rate of release of orthophosphate from natural sub- 
strates was only 2.6-8% of the rate of hydrolysis of 
p-nitrophenyl phosphate. In spite of such limitations, 
PHeEMUSe MOl aruificial substrates has Dacilivaved: deter-— 


(TinetionoLeune controls on soil phospletass scuivicy. 
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Phenyl phosphate has become the most widely used 


antificitalisubstrate (Speir andvRoss, 1978). 


eu. 5 On ODtima of Soil phosphatases 

Determination of the optimum pH for phosphatase 
activity of veorl samples provides andirect evidence 
about the source of enzyme in the samples. In a re- 
view discussing soil enzymes Skujins (1967) concluded 
Uhate ai Spilve Of contradictory observations reported 
tnethe Viuerature, in Most cases maximum acbivity 
©ceurs a0 4, Wearly neubral vadue, and nmol necessarily 
ctor Lure | pH ot whe soll.) Por examole,. Rorcers 
(1972) round the optimum pH for dephosphorylation of 
muiclete 2cid by soll catalysts co.be in the range 


G.2- 0. Srolivet al... 1955). found activity in manures 


to be highest in the range pH 5-8, and Drobnikova (1961) 
Pound that 3 of 4 soils tested Showed optimum activity 
aoe meutral or mildly alkaline ph. Similarly Hal- 

stead (1964), Ramirez-Martinez and McLaren (1966b), 

end Hivazi and Tabatabai (1977) have reported that most 
soils show optimum phosphatase activity around neutral 

Die winea more recent review Speir and Ross (19728) 

Staged that Por soils where acid or alkaline phosphatase 
is present (or where both are present), the pH optima 

are generally within the ranges 4-6 and 8-10 respectively. 


In other soils there may be a "neutral" phosphatase with 


a broad peak about an optimum of pH 7. They suggested 
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that the latter may represent a mixture of acid and 
alkaline phosphatase. Several workers have found 
eigpheryacidlor alkaline phosphatase tol predominate. 
Halstead (1964) found peaks of optimum activity oc- 
currineea plow. Ovand O.5 ini an organic soil), while 
Hivazi and Tabatabai (1977) reported that acid and 
alkaline phosphatase showed pH optima of 6.5 and 10 
respeceively, in the soils they examined. 

Conflicting evidence has been presented about 
tie relalionsiip between the natural soil pHeand tie 
Opid mum pH for phosphatase, activity. Kroll et al. 
ooo) ounce activity, to. be highest ety the orasinal 
soil pH, while Drobnikova (1961) reported_that in 
Onl yee Ob zs coals studied did the optimum pH correspond 
bopnnennon@ralepn. ~ Rivard ands Pabatapar) (O77) reported 
prevescidmotocpnatase (pH o.5) ale predominane ain acid 
SOU omwia era bcaline, phosphatase. p10) fis 5re— 
(ominanioin alkaline soils. Speir and Ross, (1978) 
eoncluded that in most cases. the optimum pH for phos- 
Phatasevacwivaity differs from thesnatural pHovof the soil. 

Pies voeriabi lity in Values reported sors pas Opedma 
Eorlectemerrrerences, in: (i) methodology, (ii) Soils, 
and (iii) the source and microenvironment of enzyme 
Withinws Single soil... Different) pl opsima are obtained 
Witheoitfereatypurfers:(Skujins, 1967; Speir, end Rass, 


V9780" weopeir.and. Ross (2978). pointed out thatsuee of 
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grilircral substrates tends "to result im two’ pl 
optima while phosphatase activity measured with 
natural substrates appears to have only one pH op- 
timum. 

Determination of the optimum of is also afrected 
bybhe=netlure—of—the soil sample used. “As Paulson 
and Kurtz (1970) showed for soil urease, the measured 
activity tor a soil sample represents a microbial and 
adsorbed component; hence the relationship between soil 
phosphatase activity and pH would be expected to change 
Withee tivctUapions in the “microbial population as they 
aifecy the, propors2one Of Microbial and adsorbed enzyme 
Preseuuv. “fUrthermore, pH Optima for extracted phos- 
phatase activity appear similar to those reported for 
Sol meeamotos; Batratice: cual. (1980) round thau extract - 
susancy purified =acia and alkaline phosphatase (exteting 
in soil partly as a4 carbohydrate-enzyme complex and 
“partly as a humocarbohydrate-enzyme complex) had pH 
optima of 6 and 9 respectively. 

The pH optima of root phosphatases of various 
Slane epecies have been reported. Ropers et al. (1972) 
found that gilycerophosphatase aACbiVvVity Of Corn Foovs 
was taximal at pH 4.0, while the pH optimum for de- 
Piespioryviavien of Nucleic acic*>y ccrn roots was 6.3. 
Estermann and McLaren (1961) found that sterile six- 


day barley roots showed highest glycerophosphatase 
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ACtbAVIALY ab pllro22.  Woolhouse (1969): determined that 
one Surmace phosphatase ctl Loy Pom gexcised greet. “Gips 
of Agrostis tenuis was highest over the range pH 3.8- 
oO, and Ridge sand Rovira ((197))sréeported that the 
Sunt acetpiesphatasic: aculwitty .of Binialci twiwealt rractis 
(iripvcumeestivum twas imeximal cdi Gol 605 2h Such evi - 
dence tas: Led thosthe *concelusi om that im the soil- 
PlanuasySetemeroots lare a siource of vacid mphosphatase 
GGowbdine waa ; 141-979). 

There are fewer reports in the literature of the 
pH optima .of soil phosphodiesterase and phosphotri- 
esenase. Ihhishkeet sak. «(1976 )sreported that tsoid 
phosphotriesterase activity towards methylparathion 
wae mia giiakeay tol /Aeihayenot( 1977) textvached whos 
phodiesterase activity from samples. of the A horizon 
Gh, 2puonesuscor Wi randaiounrd the activity *tosbe highest 
tower anee eo4 5924000. MP Brownam ancalabatabaue( 1978) 
sowed ual phespmodiesterase) ac ulyity pimeseveraibasoil 
samples was maximal at pH 8.0. 

several conelusions can be drawn from the data 
eivediabove. The range ini values *sugceesis that there 
are different sources of phosphatase in soil. Further- 
more, ithiegenecessary invexperimental work totdéter- 
HinevtiheopHeoptimumyol the phosphataséeeactivity ofthe 
Speciricuco) | sbeine sstudied, pashopposed tonselectaing 
waihuesenrometne literature.| Thé data aiscasuceost that 
in-ssoil phosphatases may be active at @ pH which is not 


optimal. 
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Vet.4 DOUrCces Of SOll phosphavaces 

There are three general sources of phosphatases 
Mmwecole oki ine, 1967: Galstian, L977 setadde 1976): 
DrOlvieraving*’and cying microorganisms, cor! animals, 
and plano roovs and residues. “APthough Speir and” Ross 
(1978) suggested that microorganisms are the major 
Producers or phosphatases im sorl, wae contribution 
Gf plemeem(particularly in the®rhizospnere) cannot be 
discounved. Various organisms produce phosphatases in 
SOLL> DACherteaGurmolycetes, prouozoa, fungi, my— 
Corres, ano plants. Kobus (2960) estimated’ that 
5-80% of the total number of bacteria and actinomycetes 
in |e Gifberentesoils were aeyoravalts of mineralizing 
glycerophosphate. Kotelev et al. (1962) investigated 
GACwIVOrOLMoie aCulviLy OL 92 Species OL bacteria, 
3) Species of fungi, and 8 species of actinomycetes 
DOwaras miclerc acid or phytin in en agar medium 
abepoo is. Most pDacLerial and fungal Specaes formed 
nuclease but not phytase, while actinomycetes did 
not show nuclease activity. Greaves et al. (1963) 
Slowed Ghat 50-5027 0r mMicroorzaniscme Gn soil and on 
Plant LOOts poesessedean enzyme capable ofr hydrolyzing 
sodium phytate under acidic conditions (pH 4.5-5.5). 
Genera possessing such activity included Aerobacter, 
Rhodovorula, Streptomyces, and Bacillus. “Mazadkin 
and Kignetsova (i964) Classified various bacteria 
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Tables: Cleseit UCa ton of eo One coal pec ceria. 1 sola ted 


Teter voray. forest Sell accorcing To product ton 


of specific phosphatases (from Mazilkin and 


Kuzgmetsova, 1962), 


Bacteria 


Bacillus adhaerens 


Pseudomonas spp. 


beCcperOLocs Pluto nosus 
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Becallus cereus. var. 


mycoides 


Myecobacberium, spp. 


My cococCuss spp. 


becilLiue’ cereus 


B. megatherium 


Bacillus cereus 


B. subtilis 


Be mesenvericeus 


B. mesentericus 


Phosphatases* 


high phosphatase 


activity 


Low mwuicl ease land 


phosphatase activity 


high ribonuclease and 


phosphatase activity 


deoxyribonuclease and 


phosphatase activity 


in’their scheme, phosphatase activity refers 
Po activity towards a substrate other uhen 


MucLeile acid. 
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Om SOUL yeasty or the eenus "Cryptococcus erew on 
sodium-inositol hexaphosphate as the sole source 

OP ee hese three "species hydrolyred p-ni tropheny | 
phosphate, B-glycerophosphate, pyrophosphate, and 
sodium-inositol hexaphosphate, but not insoluble (fer- 
ric and aluminum) salts of inositol hexaphosphate. 

Mycorrhizae are another source of phosphatases 
imsoi12@) Bartlert and Vewis (1973) found that ny- 
corrhizal roots of beech (Fagus sylvatica) produced 
surface acid phosphatases which hydrolyzed p-nitro- 
phenyl phosphate, glucose-6-phosphate, 8-glycero- 
phosphate,’ inositol hexaphosphate, inositol triphos- 
pnave and inorganic pyrophosphate. The mycorrhizal 
roots of Sitka’ spruce (Picea sitchensis) have also been 
shown to péssess acid phosphatase activity (Alexander 
and Hardy, 1981). 

Experiments demonstrating plant utilization of 
Creamicul? Compounds and hydrolysis of specitic¢ organit 
Pestbstravres’ by plant roots in’ solution culture under 
SverinerconduLtons provide evidence for plant roou pro- 
duction® or@aeia phosphatase: “Rorers+6y 42.1922)" round 
that enzymatic activity of corn roous was associated 
Withee the * gelatinous material coating the roots in 
solution cultures, and concluded that phosphatase 


enzymes are held in the sloughed-off cellular material. 
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Tfecithin-and phytin can serve as the’ sollessource of 

Pp Por radish’ plants grown under sterile conditions 
(Szgember, 1960). Estermann and McLaren (1961) showed 
that sterile’six-day barley roots were efficient 
mineralizers of ¢lycerophosphate, ands concluded 

thats they phosphatase, activity of* the! root Zone can 
beGatira bytedtan large bbartl tor ihe enzymes" of athe 
roolImetsel@n Poaxens, (1904) found’ Rhati under sterile 
conditions roots of pea, gram, wheat, and barley posses- 
sed substantial phytase activity. Woolhouse (1969) 
showed “ila leexciseduroolliaps of Berostis Lenuis  posses- 
secu Suri acetacidephosphataselactiviny which hydro- 

lyzed p-nitrophenyl phosphate, 8§-slycerophosphate, and 
inositol hexaphosphate. Ridge and Rovira (1971) re- 
ported that most of the phosphatase activity (towards 
p-nitrophenyl phosphate) of intact wheat seedling roots 
Was associated with) the root surtace, and net anereased 
bye microorsanisis Lav thst rhizosphere... Roorse of? Boute- 
loua gracilis also produce acid phosphatase (Gould et 
eueneng7 9 )& 

The information cited above indicates that phos- 
phatase production is widespread among soil micro- 
organisms, and has been demonstrated for a variety of 
plant Species. oy furthermore, thevwdivercity ors source! of 
pnoephatase! im soil’ contributes’ to the nonspecific 
character of the aggregate phosphatase activity of a 


soil sample. 
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i Eom owe uae mOt  phospuatases Gmisoil 

Sls tis 101976 “and 1978) and Kise emal (1975) 
have deseribed Pee components of soil enzyme activ- 
ity (including phosphatase activity) based upon the 
physical location of the enzyme. Fieure 2, adapted 
Sromeoktyine (Love Lew relates themyanrtous. components. 

im this scheme uhespotal activiuyeineludestthat of sin- 
trace lularvenzymes;loogether with contributions from 
extracellular or "abiontic" enzymes (enzymes accumulated 
SGuuside Of proliferating” cells sand extracellular enzymes 
which are continuously released from cells in soil). 
Skujins (1967) emphasized that superimposed upon the 

Vet aoron ine pay sucal Hocat lon) Otol lena ywmneaiis 

Suerte varlauyon in microecnvironhent theougioun tre 

SOU Get Conor Vin moO Lecularcvenvironment au the surfaces 
of SOL particles. 

Ividenece about the nature of soil phosphatases has 
been obtained by several experimental approaches: studies 
on adsorption of enzymes by mineral and organic com- 
ponents, extraction of enzymes from soil, and studies 
of kinetic parameters of soil enzymes (Speir and Ross, 
Loy Ss ee heer inesics@of soils phospheposekectinity will 
be discussed in chapter 2. 

Adsorption of phosphatase has been shown to affeet 
aGtivity of the enzyme. Mortland and Gieseking (1952) 
investigated the influence of clay minerals on de- 


DheopoMoOrvilayion of organic P compcundse.) All four clay 
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sige ace wae, 
intracellular abiontic 
enzymes enzymes 
Cone nmou sly accumulated enzymes 
released 
extracellular 
enzymes 
enzymes nov enzymes 
associated associated with 
with icellular cellular 
components components 
(non-proliferating 
Cells, ceed) invacs 
ee bis} tand cellular 
fragments) 
Figuner2y aVvariious rcompoments of ssoilienzyme 
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minerals tested (montmorillonite, a Putnam-like 
Glayyeitiive, sand kaolinite) inhibited the hydro- 
iysistof thevorganicrP. compounds (fructosé=diphos= 
phate, phytin, glycerophosphate, and lecithin) by 
enzymes from bread yeast, wheat bran, and kidney 
cortexioeThe authors obtained evidence suggesting that 
CHSeLUNEbLGLOn wasmduercoOe thew etiectvorethe chayton the 
6énzymes rather than the substrates. Moreover, the 
amoun. £Of Vinhibivionewas proportilonal to the base 
excnaneomcCapaciuy SOnvtie clay, Ssugresting thal plhos= 
phatasestmay béetadsorbed at least partially as cations. 
Keolmtand@hramene (1955) "reported wthat phosphatase 
aetavetyeiasidevermaned byithe réllease of “phenol fron 
phenyl \phosphate) was unaffected by the addition of 
nonuneorTiipniberiLomsolice lhe mailuneyotaclay to im=- 
hibipeactivibysesuggestsathat phosphatases sinethetsoil 
samples were already in an adsorbed form. Ramirez- 
Martinez and McLaren (1966b) reported that adsorbed 
phosphatase (acid phosphatase adsorbed on kaolinite 
Steph oeL sexhntorted Avhigher phvoptimnum than enzyie 
Mmusolution?s rActivity of adsorbed phosphatase was 
Oniva2s? OnetHaLyor senzyméecim selitionweMrshk ie. -al. 
(HOG ehowundethatrpreinckbation of Fsonwior ssibstfate 
(meuhy Lparathion) with sterilized clays prior 66 ageay 
reduced the methylparathion-hydrolyzing activity of 


the soil sample. The authors concluded that in both 
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cases adsorption of substrate by the clays reduced 
the reaction rate. Makboul and Ottow (1979) reported 
that addition of increasing amounts of calcium homo- 
ionic clay minerals (montmortllonites elite? and kaoli- 
nite) to the assay mixture reduced the activity of 
acid phosphatase (from wheat seeds) at each substrate 
levele vested. Experimental results such’ as* those cited 
abeve@ support the hypothesis’ thav adsorption of extra- 
celludar: piesphaLases in Soil recuces their vactivaty: 
Nevertheless, °this* conclusion may be irrelevant to the 
situation in soil where the reaction may take place at 
the’ surface of soil particles because of adsorption of 
enzyme and substrate (Gerritse andpvan Dijk5 197s) 
There are few reports of phosphatases extracted 
Pron@sort [Spear and) Ross)? 1978) 40 8hayano® (1977)-extract- 
ed brown colored materials with phosphodiesterase activ- 
ity from samples of the A horizon of a forest soil 
Heings0.2 MUphosphate! (pH '7. 0) -02 BM) KCL-10"aMy EDTA 
solution. The relationship between solution volume and 
phosphodiesterase activity of the extract fitted an 
equation describing Eatouhee- eee desorption, suggest- 
ing that the enzymes extracted with phosphate-KC1-EDTA 
solution were extracellular and adsorbed to the surface 
CEMSOil partae les bylionie bondanes’ Bataseievtietsa le 
(1980) extracted acid and alkaline phosphatase with 
other enzymes from samples of the surface horizon of a 


soil under permanent pasture using 0.2 M phosphate buffer 
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(oH 68) Him he. wresence, sof 0.2. M EDIAs= Tre: extract 


Was punted by precipitation with (NE ) 580 followed 


4 ie 
by treatment with salmine sulfate to flocculate and 
remove humic material. The enzyme activities of the 
(NH) 580, and salmine sulfate preparations were frac- 
HLonabed by anion exchange and el chromatography, 
BOSDeCLINVe- by saiihe.duinors.concluded sthath extracellular 
enzymes (including acid and alkaline phosphatase) ex- 
tracted from soil partly occur as carbohydrate-enzyme 
complexes, which ware .;asily, separated, from humic 
material, and partly as humocarbohydrate-enzyme com- 
plexes... Nannipieri et al. (1980) extracted acid phos- 
phatase and other enzymes from samples of the surface 
MOOG tn LiGoc. Sols sings Ol jew sodium pyrophos- 
POtveCm des) okies hey Obi sameds haghagiiedds if acid 
phosphatase; activity in the extracts was.31-66% of 
that in the soils. The pyrophosphate extraction em- 
ployed issutiiciently mild to remove only, ~wery small 
DmOUIGS £0 bonzymes mrnom intbacnk .cevls of soil, miscro- 
Organisms, «and gives: goad results because 14% 1:5 .an 
SLLeChime extractant om Soll .orrvaniG matLer. a .Phos - 
Blas eCuachLv int yy, 2nd, Li most. @ssee Olen enzyme activ- 
oP yeaktelsy a Wome, Sloniticantiy corre aed we th 0 anc. on 
Siew gt) elie eGoracle ol. the. Loimee sous. sndica ting 
Did Sb Gaclan is whieh aire. efiecuive. im memovimng. .C arc 
organic N also remove enzymes. Changes in enzyme/C and 


enzyme/organic N ratios in the extracts over time in- 
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dioatved shhahi activity and organic matter were mot 
aliwea Vise extracted: proportionately from the three 
soils.-Hence the enzymes extracted by pyrophosphate 
are not homogeneously distributed throughout organic 
matter in soil. These three studies indicate the 

Varia bier Gerres Of aissocianion Ofsextracellilar phos- 
phe teise Swati sods cons tittuentse weihe sevidence for 
carbohydrate-enzyme and humocarbohydrate-enzyme com- 
plexes auands associabion with organic matter in, general, 
Silg Pesiies that) achivitiy Ofwextrace!lulan phosphatase's 
ised tovioananys ioe wmoicdasia.ed) bir pLivepminieroei tie. »Furthermore, 
Persistence of phosphatases: through association with 
soil constituents masks the expression of repressible- 
derepressible control of enzyme synthesis. 

Die) relatives cOntributLons) of enzymes an pro- 
liferating microorganisms and accumulated enzymes. to 
SOdi~ phosphatase activity have been assessed in several 
studies. Jackman and Black (1952) found phytase 
activity tO be directly proportional to the’ quantity of 
CO, evolvedsby 2lmixedr population ofymitroergani sms; 
hence they concluded that phytase activity in field soils 
Game bes a coounmbed! for on the basis: of. the microbial 
metabolism. Burangulova and Hasiev (1965) reported that 
phosphatase activity towards the substrate sodium phenol- 
phthalein phosphate was increased in soil be inoculation 
With “phosphate bacteria," showing thé imporvance of 


enzymes in proliferating microorganisms. Ramirez-— 
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Martinez and McLaren (1966b) reported that when fungal 
and bacterial isolates were added to sterile irradi- 
ated soil, there was no appreciable increase in phos- 
phatase activity after an incubation period of seven 
days. When sterile irradiated soil was inoculated 

with native soil, after seven days there was an increase 
in the number of bacteria and Hume, 5) a nda Te ein 
creasicoGin Iphospha tase activity." They coneluded that 
phosphatase activity in soils reflects metabolic ac- 
Civitiess.ofviiive microcorganisns, and “includes atrela- 
bumely Matab le sextraceliutar Seomponenusin soil ‘humus* 
Kiss et al. (1975) concluded that accumulated phospha- 
basoepLcaGonina ves VOver phosphatase vol “proliferating 
imereorcanisia cry eyvobak “activity of Ssoil, ely ler *(2976) 
suggested that the phosphatase activity in a forest soil 
originated from a pool of enzyme which had accumulated 
extracellularly. These results indicate that the rela- 
tive amounts of phosphatase activity contributed by 
enzymes in proliferating microorganisms and accumu- 
lated enzymes will vary spatially and- temporally in 
soil. The repressible-derepressible control of phos- 
phatase synthesis suggests that recently synthesized 
enzyme is the most important source of activity in 
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PeomuoomNOlLene, OOrthophosphatie im Gontmo ws sonet5oil] 
Phosphatase Activity 
Ton sueComeno baby Sorthophosphate tem mphos pha tase 
Synthesis by Microorganisms in pure culture 
Controls on soil phosphatase activity operate 


micparteuporm productionrof miecrobiaivenzyme.  Re- 


pressible-derepressible synthesis of phosphatase has 
Decnedescert bed tf or microorganisms in youre leult ure. 

The following examples illustrate this phenomenon. 
Horiuchi et al. (1959) proposed that a negative feed- 
back mechawiismicontrolbled “the stormarwon of talkaline 
pbosphatase ims ischerichva tcoli, with orthophosphate 

Bic ns Ralsl aWrepecssioroeslorriamm | (1 [OO vesidited sthe 

el fecry  soteorthephosphate on synthesis) sof phosphatase 

in the same organism, and showed that a nonspecific 
alkabkine phosphatase (with pH optimum 8:5-9.5) was 

only formed in measurable amounts when orthophosphate 
in the medium became limiting, at which point the 
enzyme was formed in substantial amounts at a maximum 
rate. Malamy and Horecker (1961) reported that the 
HjbkaLeae pines nasasepof th. scolds ties joutiside pt ine, ic ohh 
membrane, because it was liberated quantitatively into 
the asurrounding medium when the cells were converted to 
protoplasts. Cashel and Freese (1964) showed that 
alkaline phosphatase was excreted quantitatively from 
Wiese Chace jaWs edfieybaci|l lus subtilis bolabowinendere pire cision 


of enzyme synthesis by phosphate starvation. The authors 
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Spatece that tne cell waii,of B. subtiiseealiows 
exif enzymes similar tO periplasmic, enzymes of 
HowCo la, amo, Uhab exoenzymes are jpredomivang in gram 
DOs TiLvee ti Crooreanisms . 


Weimberg and Orton (1963) showed that the yeast 


eaccharomyces bisporus produced a nonspecific acid 


Phosphatas=: (with oh optimum 5.5-6.0) when srown ina 
medium devoid of orthophosphate. Only minimal amounts 
of this enzyme were found in cells grown in a medium 
containing orthophosphate. Later Weimberg and Orton 
(1962) presented evidence for an exocellular site 
(Oupeie@entue cell membranes bute ooune to. the ecclivwall, 
Pewcetined, byatpe auLnors) jor acid piosphatase. of 

Pom eoDOrUS we leovewere ab lesnogprepare. cunymatically 
aetive sce | ipwalide.,. Mchellan and Lampen (1963 )-found 
that, acad phosphatase, was removed. from the cells of 
PaccnaromycessCerevisiace On provoplasy formation, and 
COucwuOed, Thay une acid phosphatase son yeast m5. external 
to toe cell, membrane. Phosphatase activity of the yeast 
was increased by phosphate starvation. Working with 

the same microorganism (S. cerevisiae), Schurr and Yagil 
(1971) found that synthesis of acid and alkaline phos- 
phatase was derepressed by phosphate starvation. The 
response of acid phosphatase (located on the outer cell 
wall) to regulation by orthophosphate was more marked 
(Hone teOned kKalime, phosphatase, resuiisawhich apres 


with those of Weimberg and Orton (1963 and 1964) and 
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McLellan and Lampen (1963). Weimberg (1976) investi- 
gated the relationship between the level of stored 
pod yonecphetetin.crowing cells, of, o,f bisporus,and 
PepressiOneancyderepression of syminesis of acid 
phosphatase. .Time-course studies showed no correlation 
between aime, concentration, of cither polyphosphate. or 
Or nOphosphate in the cells, and therability of celis 
LO. tOorm. toils enzyme... The, onlyycompound investigated 
Dia wee ss Capable, of repressing acid) phosphatase. syn- 
thesis was orthophosphate in the growth medium. 
pillilarwconbrol@ot phosphatases activity has been 
Pepor.ed Mora aleac.s eknurseng 1908) investigated re- 
pressed and derepressed synthesis of phosphatase 
during synchronous,growth of, Chlorella pyrenoidosa. 
Although phosphatase synthesis was derepressed after 
removal of orthophosphate from the growth medium, the 
Spiga on © Cidpmot. limit srowiul Curing, Lhe, tirsi. Tew 
- hours after removal of orthophosphate. Knutsen (1968) 
propose siiiataduring. the, lac period. immediavedy, aiuer 
transfer to the phosphate-free medium the internal pool 
of OLMOpnoOs nate, was. lowered, toa. léveds where, dierepres - 
Sy beecan lhe sbudvying extracellular phosphaunases of 
Chlamydomonas reinhardii Patni et al. (1977) found that 
P-depleted cells grown on minimal orthophosphate con- 
tained and secreted both acid and alkaline phosphatase. 


Synthesis of alkaline phosphatase (both intra- and extra- 
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cellular) was almost completely repressed by increasing 
concentrations Oforthophosphate in the growth medium, 
Witle <vyeteecte fOr acid phosphatase (again both invra- 
and extracellular) was only partially repressed. 
Regulation of repressible-derepressible synthesis 
of phosphatase by the solution orthophosphate concen- 
tration (external to the cell) has also Beer demonstrated 
LOpeleUrOspOrascrassa, Asperei i lus ssop., Buglena sep. , 


and foruloosis utilis, which wath tnermicroorganisms 


already mentioned represent bacteria, fungi, and algae 


Gocnurr anc vac 1971) s Tablet indicaves the 

solution concentration of orthophosphate used to repress 
Synunesis Of phosphavase in Some (Oryihe experiments cited 
goyove. “AScomparison with estimatess@r the inorganic P 
eoncentrauion of the, soil Solution, 1-10 uM P (Bieleski, 
io5) Sol nmey ai, O79), Andmeatec mhatpthesilevel! of 
imorganve FP in whe soil solution wonld mon generally 
Teprecs oyNbnesde Ole puOSpnatase. Palas experimenval 
results With Microorganisms erowm as pure cultures) in 
liquid media provide evidence of the general phenomenon 
CL Synunesis Offa ‘exocellular nonspecaric phosphatase 
wWoleh As repressed by high solution Concentrations of 
SCrinopioscphate,,and@which serves the purpose: o1 supplying 
Diewecellawith phosSphave wn whe absence of exwernal) oruno- 
phosphate and the presence of various organic phosphates. 


As suggested by Weimberg and Orton (1963), the kind of 
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eusyme procuced relates to the physiological pattern . 
Of tie=parulcular microorganism “inyolvea. 

na wide range of “microorganisms in soi! are capable 
Of dephosphorylating organic phosphates of plant and 
microbial origin, and hence phosphatase activity to- 
wards various substrates is widespread among soil micro- 
Oveanisme (Goserove, 19673"Mlexander, 1977) 20*Regtiation 
Of repréessible-derepressible synthesis of phosphatase 
by orthophosphate has been demonstrated for micro- 
Organs Meolated trom Soil. Jamoasy (1963) inoculated 


soll extracts enriched or unenr need wietm KHAPO” with 


aLi4 


Mreroorganiomws tsolated from a neutral brown forest soil, 


and after 48 hours separated the cells from the growth 
medium and dried them. Tests of powdered cells for 
Dnospietese@ activity (estimated by release of phenol 
from disodium phenyl phosphate) indicated that increas- 
ime eoncenurationes of KHSPO) VScMresseGretyy Me 20 iy iby, 
especially of fungi. Greenwood and Lewis (1977) de- 
Momcuraved, tia all or Tive species of Soll yeast of 

the genus Cryptococcus showed higher p-nitrophenyl phos- 
phatase activity when grown on medium containing sodium- 
inositol hexaphosphate or orthophosphate-free medium 
than when supplied with orthophosphate. Only two 
species of yeast were able to grow on filter-sterilized 
sOdtum=—inosttol hexaphospnave @s sole source of PP. in 
Conetcering the Significance of their findings Greenwood 


and bewie (1977) noted that a correlation existed 
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between, theaderepressed= phosphatase ply opramum for 
threen species and. the’ pH of the Californian’ soil 

from whichetheyiwere’ isolated, andesuerested thatthe 
enZynesimaynnhaveian ecolopgicalnruneidion 2 ahisthypeth- 
esiswisieupported by’ the rangs of substrates! (sodium- 
inositol hexaphosphate, p-nitrophenyl phosphate, 
B-glycerophosphate, and pyrophosphate) hydrolyzed by 
thesthree species which grew onvautoclaved inositol 


hexaphosphate. 


ie eee le role Or OrlLnopnosphawe, in controls) on 
SOL phosphatase acUivity in incubation 
studies 
Studies of changes in phosphatase activity of 
incubated soit tollowing various nutrient additions 
provide information describing the average response to 
COntroLeoy woOrtnopnOsphate au the microsite. Kramer and 
Yerdei (1959) observed an inverse relationship between 
phosphatase activity and the amount of biologically 
tmiliLwed P° im soll samples incubatvediwith sugar and 
NH NO... Healietead (1961) found thas addition of in- 
OreanLe — sprlor YO a2 nine-month incubation, period did 
NOmattecu 'S0Ll phosphatase acuivauy. Natnipicri et al. 
(1978) measured microbial biomass and activity during 
incubation of surface samples of two Dark Brown Cherno- 


Genco soils (a fine sandy loam and a clay) following 


amendment) with various amounts of glucose, NaNO., and 
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KHGPO). odiepiron (OT KHOPO with glucose and NaNo, 


oroduced) boner initial raves of CO, evolution than 


in the treatment with only glucose and NaNO in- 


3° 
dieating’ that supply of “orthophosphate limited the 


microbial growth rate when KH. PO,"was not added. 


eh 


Addition of KHAPO, with glucose and Nano, 


ae added =o sadded'*P ratic! Ves shan or “equa F “to: 601 


to produce 


repressed Psymiuiesis of acid  shosonatase: an “oth ‘soils. 
Without added REO there was an increase in acid 
phosphatase activity, but the newly synthesized phos- 
phatase was nol very stable, especially in the sandy 
soil. Because phosphatase is a repressible enzyme, 
microases sn "acd phosphatase aetivilty coincided with 
increases in the bacterial and fungal population (as 
determined jby fluorescence microscopy) only in treat- 
ments without added a Oa Se Wis Mace opal 
populations crowing Under derepressing conditions. In 
a similar experiment Nannipieri et al. (1979) measured 
TIT hous indwees "or microbial scviv iv. and erowth in 
Picubaced- Samples hor rh esurlrace thor om fotte. red 
earth soil. Amendment of the samples with glucose and 
NaNo, resiilved in a itiarked increase iam the rocuctiion 
of acid phosphatase over that of the control which 
received only distilled water. Much of the newly 


synthesized phosphatase was stabilized during the in- 
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phosphatases activity was significantly *correlated with 
bacterial but not with fungal biomass (as determined by 
fluorescence aera boas). Spiersaand MeGilis(1979) 
found that acid phosphatase activity was increased up 
to six-rold an soth samples amendedt with glucose and 
ae eae 


bial population was completely repressed by addition of 


Wille synthesistoteacid phosphatase bySihetmicro- 


Ri5 PO, toBprodiceian added Graddedhr ratio oreZzOsh: 
They concluded that the effect of orthophosphate on 
SOPLephOSphalasetaciivyity PSkduenmoresrowits errectaon 
enzyme synthesis than on activity of existing enzyme, 
agconelusion Consistent with results oreincubation 
experiments reported in the literature. 

Invadditton to repression of enzyme synthesis, 
activity oOffsexisting phosphatase is strongly inhibited 
byeortnopnocphates(Speirvand Ross,@1978 )tanThérseare 
several reports of measurement of inhibition of activ- 
ity of phosphatase by orthophosphate added to the assay 
mixture. Khaziyev (1966) reported that nuclease 
aclivatysinyasChernozéemwasrcompletéely inhibited by 
20 mM KH,PO,. Juma and Tabatabai (1977) found that for 


surface samples of three soils addition of KHOPO) tO 
the assay mixture at 25 umoles baa soil reduced acid 
Digspiueceeaclivitly by 32, 35, °ant 62h, and-alkaline 
phosphatase activity by 28 and 40%. At 2.5 umoles P 


ores SOI deanhibition was 5, 6, and 262 ior acid) phospha- 


tase, and 2 and 6% for alkaline phosphatase. In a 
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later study *with surface samples of six» soils Juma 

ane Pabatabak 42978) reported that KH5PO) in the assay 
mixture at 10 umoles oat soil reduced acid phosphatase 
activate Dye ehot2>,eandealkalineyphespnatascsactivity 
by 15-54718 Atnilumoles?P oan sod] anni bition? wasn2=21 
and 3-16% for acid and alkaline phosphatase respective- 
iyon Ghetantnorcyalsotshowedwiyhay inhibi ti onsete sor 
phosphatase activity by orthophosphate followed competi- 
tive kinetics. Spiers and McGill (1977) investigated 
inhibition» of activity of existing: enzyme in surface 
samplessoih twoesoils; orthophosphatering thesassay mix- 
ture at 0.55 mM reduced acid phosphatase activity by 
PoGane 27/7728 PAteot Sime Pi activ itys waslreducédebytSitand 
76%. Spiers and McGill (1979). coneluded that because 
eoneentrations of orthophosphate ins the. soil solution 
acverrecncralivetessithanros55 mM, winhibitaonsotractimity 
Off cxrSuingmenzymes ine situsisynoteusualily significant. 
The data otaJuna) and Tabatabal. (297 7sandeis7s) when 
expressed iine terms of the orthophosphate concentration 
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ie Olen ol, by Orunophospha le @ieolane fooy 
phosphatase activity 
Production of phosphavase by planwercous is adico 
ariected by the Supply of orthopnosphave. Rogers et al. 
(1942) reperted that P-deficient corn and tomato plants 


showed slightly more root glycerophosphatase activity 
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than did plants given ample P. Nuclease activity of 
the, roots, was.not affected. by the. prewmious. level of 
Pemtriidom. » Woodhouse. (1969). sianedkt hat iced Jeane 11. 
adenosine triphosphatase (ATP-ase) activity of roots 
Op oeTOSG Saweiliaes 1s. subdjecite tio, two types. of, control 
by orthophosphate—endproduct inhibition, and repres- 
Sion of enzyme synthesis. Inhibition of ATP-ase ac- 
bLivity became, pronounced-ati concentrations of ortho- 
phosphate inithe assay medium’ above 5 mM. For prep- 
Sravlonsharom Trootss of) plants, crown, an water: culture 
at different levels of orthophosphate, above We mM 
Paeepecia uc, phosphatases aictivisy beran to,decline), 
ends acetal Posenzyme,activitys was only: had fi of- that 


7 nM P. Ridge and Rovira (1971) 


Prom amie. erowns eit sL0r, 
measured pvhigs p-nitrophenyl, phosphatase: activity. of, 
sterile and inoculated. roots of wheat plants grown at 
daffercena, bevels) of, ortbophosphate (1 mM, oe mM , 

aver mlseandsmil) .- Root:erowth was) reduced: ath con- 
Centrau Ponsa of) Orahophosphater below dy mMegg Altinougn 
phosphatase activity per root system was the same 

ath Galle thew cadict ofy Ply! at ther Lowery concentrations (which 
or ocnesda simed ler) roots )* ther activity pergund te root 
weight increased 2-4 times. Bieleski and Johnson (1972) 
reported that P-deficiency caused a 10-20 fold increase 


in phosphatase activity of homogenates of the duckweed 


pparocelalolizvorrhizga. “Roous,of|f-detieient planteeposses- 
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sed high phosphatase activity, and the authors con- 
cluded that much of the phosphatase produced by the 
Dianw uUnderse-deficiency is located ain either the cell 
Wel Ore the exvernal membrane, for the purpose. of 
utilizing phosphate esters released to the medium by 


eying plants. 


ieeye neliature and Mineralization or !0reanic P inv Soil 

iment COreanic P compounds presen’ in soid 

Perici aciscussion" or the wnavuregot soll organic 
P provides a background against which studies examining 
Coperoley ony soil phosphatase activitys towards artificial 
substrates must be set. Three groups of substrates can 
Demece cr ipcdeinaune Ola Soil organic ipool: Sorganic 
P in plant and animal remains entering soil, P-contain- 
mie Sor oreanic! mater, and organic F compounds con- 
tetMed LHL eCropial biomass. 

iwesorcanic Pelraction dase accounts: for 20-80% 
(i ewieweOLa) F content in, surrace horizons )(Dalal, 1977). 
Halstead and McKercher (1975) in a review of the bio- 
€nemiecury heanu cyoling of FP reporued *vyalucs for organic 
Pocontent of. soils in the range 4-1750 we Pee Soi. 
inecoreamice Fecontent of surface horizons “or some 
Alberta soils was reported by Dormaar and Webster (1963) 
bo range between 170 and 630 ug P aaa Sea ie Tebike, 3, 


Veriapilioy ein values for organic P centent has been 


eausced Go some extent by differences an method of 
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Toute]. Organic PF content of surface’ porizons of 


some Alberta soils (from Dormaar and Webster, 


TOCerm, 

potl gone ihieimes hy ol Ome enernine rar = Or ea nese PF 

and horizon (ppm) ppm) a6) 6, Or 
total 

Brown (Ah) 507 ree 3%, 

Dark Brown (Ah) 682 aed) 36 

Thin Black (Ah) 1010 ts) 47 

Black (Ah) 1220 025 bal 

Dark Grey (L-H) Sis ss 42 

Gray Wooded (LL-H) ied ue) | HOO 38 


* Average of values obtained with two acid- 
alkaline extraction methods—the Kaila- 
Virtanen method(successive extractions with 
4 oN H,80 ) at room temperature, 0.5 N NaOH at 
room temperabure, and 0.5 MN MNaQh at 90uc)., and 
the.method of Mehta et al. (successive extract- 
Pons wi CONC ww HULL au YO Por Oana amces,. 0.5 
N NaOH at room temperature, and 0.5 N NaOH at 
COG. Ln both procedures Organic TF Convent is 


taken as the difference between total and in- 


organic P in the extract solutions. 
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analysis. Dormaar (1964) and Dalal (1977) stated that 
no method provides absolute values—that is, direct 
quantitative ere LSHNODSPOSsi bile el Lerganic 
Pecontens asadetermined bysignitionloer extraction 
methods .* sWitheienition methods, ofsanie.P.content is 
takensas theyditberence in a@cid-extractabhecsimorganic 


Py between ignited and unignited«<soil 'sampleés: .«lgni- 


tLON Methods may overestimate organic P content in situ- 


abions «where ignition+inereases the solubility of ‘the 
igorveanic Fetnacsion ge iWwitheextracpuonpmetiods,iorganic 
P content is taken as the difference between total and 
inorganiosF ein S01 pextrachs ~eulneseemetn ods omay cinder - 
CS Cia bonnes i Che content Pbyeradtbimeg pho cq uantivat ine ly 
Satract shine oOngani.c «buat rachromie_Bormaar GN964) stated 
Vigan EerenCeSaitysOrranicrP sconten. tor 20iug sP ae 
SOL ve, Ika phenom gio sslentireance 5 svar ioucmdata 
SUpgesu —Lhat forganic) P .can-bDeiei ther Gntimauely bound 
Pe OsbCn el! sepadtdawo) id” hitmiits: e017) Kexissin ga se pair wot iaepooL 
Cimaunicenendeme: Oreandc Pycompounds iiatent, 2977) Bhe 
correlation between organic @ and organic P contents 
of the soil samples represented in Table 3 led Dormaar 
and, Webster (1963) to conclude that an these soils 
One Mie s ormed: anawnvbegrad manu ot the’ soap organiitc 
matter. 

Halstead and McKercher (1975) and Dalal (1977) 
have reviewed the literature dealing with the charac- 


Less ais -Oreror | organive, Pecompounds presence Gin soad) * dhe 
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enemical Wauure,.of approximately half fof the orzaniic 
P in soil is unknown. Identified compounds include 
inositol phosphates, phospholipids, nucleic acids, 
and to a minor extent phosphoproteins, sugar phos- 
phates (glucose-l-phosphate and glucose-6-phosphate), 
and glycerol phosphates. Estimation of amounts sof 
eHese Compounds in Soll” as a percentage or the total 
organic P content may be biased by the choice of 
method for determination of organic P (as described 
earlier), and the efficiency of the fractionation 
procedure. 

inositol’ phosphates account for up to 60% of 
themovuasiic Hetraction. Chromatographic studies have 
shown that penta- and hexaphosphates of inositol 
predominate. These compounds exist in complex forms 
bound to or associated with protein and carbohydrates. 
Dormaar (1967) reported values for the inositol phos- 
phate content of surface horizons of some Alberta 
soile (lame) sy this Traction accounted or tony a 
pra proportion “of bhe total organie P comtent of 
these samples (13-32%). Not all of the eluted phos- 
phates were inositol phosphates; hence values for eluted 
phosphates as a percentage of organic P overestimate 
the contribution of the inositol phosphate fraction. 

Phospholipids account for 0.5-7.0% of the total 
organic P content of soils. Dormaar (1970) measured 


the phospholipid content of Ah horizons of some Cherno- 


awed abaveqeas , 


shOice 3 eLouc ne 
Henao Weyer «eniets 

« avaiqgs tard-sep ne ly ) 
ts aeaevew, te notte fer t 
Levas ee vie ayetnen eg. 
to Gohan sat Yee tnaiog i Patent 2 
sath iaeeb ap) 9 obkepie we aa tan barat eh | 

+. aetepigens™ erg: soaqenues ube ae ‘Eas CraLtsam © 
Fo.) erent 

Phage ths eked “paren ientenen totievel an 
ered: BORER Oat (gna goteannd efel) sett 2 cinegee o4t. 
sof fPo1z ye eee ran vosby geet» ‘Bee ..e7ren sets nvods: “= 


4 


ert mata ch Saeko nbowegies9 qaee” (lvoe enigeee ny 
a 7 : 
dtorhecodun: few aati. diiy $eceinoins co of bound? _ F 


oe 7 


reschy thee). af)! es¥ seulew bedtedes (¢341)} vena 
ervali® cong: 0. aon ttod upalicen YT: testuce ata 7 : 

2 (law? Gytaqeone: wetzoRrl att aa ative?) nas a 

te, tuedbar 7 ction. tated } 
~setiy tatele pitt a: 
botule 10%, Ge@ies auaed 
eeasitasvete 7 ofa 


 sargkirennt Jue 


-— 


Taole 4.. Inosivol phosphate contenw of curtace; horizons 


of some Alberta soils (from Dormaar, VOGT. 


pod fand Total Oran: se bOiaa: Eluted P 
horizon organic Ge cone einined Girone 
P total) P organic 
(ppm ) (ppm ) P) 
iL es 
Brown Cherno- 180 Bi a1 sO all a 
zgemic (Ah) 
Dark Brown Be 43 Lea oad ey, Pas 


Chernozemic (Ah) 


Phim Baek LOW: me) thee 19 oe 
Chernozemic (Ah) 


Dark Gray 164 29 oes Se 
Chernozemic (Ah) 


Gray Wooded (Ae) 96 Lal f2.2 13 


by modified Kaila-Virtanen method: Kaila- 
Virtanen method described previously but 
preceded by two extractions—l:l acetone, 
and. 0.3 MN Nan. 


Oreanic PF by moditied Kaila-Virtanen method 
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Zemac SCile Or southern: Alberta (Table S).— Lipid 
phosphate accounted for 0.1-7.0% of the total organic 

BP fractionyin these conned Phosphatidyicholine 

and phosphatidylethanolamine make up a major part of 
tie. phospholipid component. “Charecreragacion of the 
fatty acids associated with the phosphate suggests that 
piospnolipids accumulate im soile from tungal and 
bacterial biomass. Nucleic acids account for 5-10% 

Ol eo fee sO oreanic Peirsiculon. 

The nature of the identified portion of soil 
Clganie, and tie wide Variety of isoii microorcanisme 
capable of hydrolyzing these compounds suggest, as a pre- 
liminary hypothesis about the persistence of organic P 
Compounds in soil, that stability of these compounds 
in souls depends upon factors other than their chemical 
nature. Association with soil constituents may stabilize 
Organic PF compounds, or phosphavese activity towards 
wiese Compounds may be’ anhibited in situ. MeGili? and 
Cote I9el)@euerested that stabilivy of forsanic P in 
SOileito Ouerprimariiy, UC reaculons Ol he chosphate 
group (rather than the © moiety) with soil constituents. 
For example, a wide range of soil microorganisms has 
been shown to be capable of dephosphorylating inositol 
phosphates; hence hydrolysis of these compounds in soil 
fist oe wkameted by their low solubility in the soil 
golution, particularly im acid soils (Cosgrove, 1967; 


Aiexander, 1977). 
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(from Dormaar, 1970). 


Zone Lipid Lipid phosphate* 
; phosphate (20.0f organic 
(ppm) PA 
Brown 4.8-13 pelai.v 
Dark Brown De O-10 «V ey aes 
Thin Black Os eZ Os 


fOreaniuc. Fe by, modified, Kaida—-Virtanen 
method 
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The Tow amounts of phospholipids and nucleic 
acios found invsoil, the fact that these compounds 
aecount tOr the major part of the organic FP of plant 
tissue (Bieleski, 1973) and animal and microbial 
remaine| (fnderson, 1967; Alexander, 2977), and the 
demons traved! capacity of soil Microorganisms to hydro- 
lyze these compounds suggest that phospholipids and 
NuCLeIlG acide are rapidly iucorporated into micro- 


Drala pvonasss (Coscrove, 1977;*Dadal,. 1977) - 


ioe oeesona | variation of Creanic P in} son | 

Another piece of evidence which suggests signif- 
icant mineralization of organophosphates in soil is 
Gaeweecasona Is Variation in organic =P contenu, partic- 
ari a um iime sprang during the flueh of plant <rowtle 
Dormaar (1972) reported seasonal variation in organic 
Plcontent of, unfertilized Ap horizons of two irrigated 
“ifalra fields on Dark Brown Chernogemic soils (latle ©). 
Aa Over-winter buildup of organic P was followed by a 
fepia decline, from April to May: Halm Stal.) (i972) 
observed Seasonal variation in organic P content of 
Mes teureace BU cm of a Brown Chernozéiic soil) umdex 
native grassland (Table 7). Ab the Same site, tera was 
toceoubeveltial variatlom in the ever or NahCO,-extract- 
able organic P over the growing season (Table 8). This 
large variation in NaHCO,-extractable Oreanac) P eioG 


only ie concistéent with the hypothesis Of mineralization 
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fable 7. Seasonal variation of soi] organie-P under 


Getavevcragsland (from Hadmeetead.4) 1972). 


Date Organie P (ppm) 
19/5/69 QO eerie Oi 
20/6/69 Bo 2 Sil 
22/8/69 339 + 9.8 
20/9/69 336 + 13.2 
5/1/69 Boot F)8..9 


sorganic FP by ignition method of Saunders 


and Walliams (1955); oreanic 


eonvtent is 


taken as the difference in inorganic.P.in 
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over Tile \erewing season; but also suggests a role for 
Oncc wees Simnplanh putrition/ Walowevssl. (2972) pro- 
posed elhat lin seyc ling ofVP ab the nmetive grassland site 
MineraiizarLonseitorganive Peis Mimportant in maintaining 


ete 


the balance between the transfer of P from standing 


déadtplant material to litter to soil in a given season, 


and the uptake of P in new green material. Harrison (1979) 


Observed eaaninvensbuLlldup of Mreanice Ff in P-deficient 


So plato nmOemood lands. 


oe HelacLOnship Oh geneanite and available Poe 
phosphatase activiuy im soil 

Several workers have investigated seasonal varia- 
tion of phosphatase activity in the field, and related 
De vO Changes “tia .available and organic FP. Janossy (1963) 
stated that field tests showed a significant negative 
correlation between the amount of available P and phos- 
Phavasce acuivity in *so0il, and related this observation 
VO repression Ol Synthesis Of phosphatase by cruko— 
Phosphave. skhaziyey (1967) weported that the seaconal 
change in nuclease activity was negatively correlated 
with the change in ammonium-soluble organic P (consider- 
ed DV tne author Lo consist, predominately of nucleic 
compounds). Such a relationship may be masked by the 
production of new organic P compounds by plants and 
Microoreanisms over the season. Kurthermore, a tow 


content of readily hydrolyzable organic P (relative to 
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Chietihotalterganiic. P content may resul team dittile 
seasonal ichanzé in wotal*’ organic’ P¥ while’ olant and 


microbial uptake of mineralized P may mask changes in 


available P. Saunders and Metson (1971) reported that 
the mvgherg P ‘status® of soils under’ pas ture: in spr ing 
(indicated by! Une! high uptake™or P bye plants inthe 
sprives nish ‘ofl srowih waste dune: so. al bud dup: of 


enwon—e xchiangeabilce: P* orsOM0in Mw Galle solu bite? Pant Gate 


A 
WinlorvandMearly) spring. ~§Tivetauthors) hypothesized 
Lies epics Uptake of P bys planct roo. shin’ spri nes was 
Supplied’ byarapid release of Pi from oreani co materials, 
Gavrilova et al. (1973) observed seasonal variation of 
phosphavase activity inva pale yellow sod-podzolic 
Oude uarce Gai rerences an activity of cropped loa 1 
over two sticcessive years were considered to result 
rrom planteanderhizosonmere productiom of phosphatase 
as influenced by the soil moisture and temperature 
regimes.: In both years phosphatase activity increased 
GDowardsathesend of*theierowing season. “Underiieri= 
cultural crops, the content of acid-soluble (in 7% 
trichloroacetic acid) organic P peaked in the middle 
OEDELNey ormowine isceason, then declined*towardertTallg ihe 
plkeidghe-soluble (in'l NiNeaOH)» oreaniceP: contentran- 
ereased towards the end of the growing season, re- 
presenting an increase in risieeltedles clara ofr microbial 
bacnaseees Theses results support, thet hy pothesisy ofaan- 


creased phosphatase activity associated with increased 
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mieroblalMupeake of °P during decomposition of plant 
residues *Lowards the,end! of "the growing season; and 
aPconcemitan) decredse inslabiile orsaniie Piet contained 
taemicrobiab biomass < 

Although reports in the literature describing the 
relationship of @soil phosphatase tactivity to organic 
P¥eontent are ‘variable, Gavrilova etval. (1974) %re- 
ported a high positive correlation between the content 
of organophosphates and phosphatase activity of soils 
Of the Belorussian-SSk, and Speir and Ross (1978) con- 
cludedrihay most “Of ven“ Signit icane positive correlations 
areeelccrVed .weNeover iweless, eumecrscaconal varnapriity 
ePpubevniespropervies™ (as déscribedWabove) indicates that 
eorrelatvon ef -—valies for*ssoil organic oPacontent and 
phosphatase “activity which do not account for temporal 
variation May be invalid. 

Harreson® (1979) méasured four P properticess (total, 
Organic, and available P contents, and phosphatase ac- 
tivity) wan Podefieieht soils of \L0ewoodlands}Sand’re= 
lated variation to individual woodlands, depth in the 
Soll %oroi le, humus type, and’ season. ALthoughi Sach 
property varied widely, available P content and phospha- 
tase activity were more variable than total and organic 
P contents. Phosphatase activity together with avail- 
able and organic P contents showed seasonal variation in 


the’ surface horizon. While phosphatase activity was 
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highest in the winter months and lowest in summer, 
available P showed the opposite pattern—it was lowest 
in Winter and highest in summer. In the P-deficient 
sO0ils hich phosphatase activity was associated with 
low total and organic P contents (expressed as ug 

em? Soil). The latter two observations fit the 
hypothesis that increased phosphatase activity as- 
sociated with low levels of available P represents 
derepression of phosphatase synthesis by low levels 

OL MOronoOpnesphate in situ. 

Harrison and Pearce (1979) measured seasonal 
Variation Of phosphatase activity over (14, consecutive 
months in surface samples of 48 woodland soils; 6 
end 21% of the potal variation in phosphatase activity 
was seasonal when activity was expressed as phenol 
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liberated ae soil and cm)- soil, respectively. No 
seasonal pattern was detectable within individual 
woodlands as much of the variation within each woodland 
site over the sampling period was spatial rather than 
temporal. When data for all 48 sites were averaged a 
seasonal pattern for phosphatase activity expressed 

as pienol liberated ies SOL, was: 1deneit ted: aepiyity 
gradually increased from May to December, then declined. 
When phosphatase activity was expressed as phenol lib- 
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eraved cml S011, two peaks occurred. This, second 


Patiern wae explained by Harrison and) Pearce (1979) as 
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rOllowe-atie summer peak “of activity ©rom May Lo 
Qetober resulted from production of enzyme by roots 
anc mrerooreanisms during the active plant growbh; the 
winterepeak Sot activity from October io March was 
associated with accumulation and decomposition of leaf- 
ivpbes vom the soil surface. (litter was chown to con- 
tain Bigh phosphatase activity). Im both cases maxi - 
mum activity occurred in winter, and the seasonal pat- 
DernesoOteactivityodid not resemblevthay vof mavailable.P, 
results similar to those reported in the previous 
study. When the same data were adjusted to field 
temperature, the seasonal pattern of phosphatase ac- 
tivity expressed as phenol liberated em7? soil showed 
maximum activity in summer. Furthermore, the seasonal 
Peanueth OF phosphatase activity adjucted wo field ten- 
perature was similar to the seasonal pattern of avail- 
able P. Because measurements of phosphatase activity 
represent level of enzyme and hence potential activity, 
TOO uNGusacuivity I SilU,. Such adjustment Cf vacuiyi ty. 
measurements to represent ecologically significant ac- 
Diving Be psvsDeCch. 

The relationship between phosphatase activity and 
available P is not always defined by repressible-dere- 
preessivle control of enzyme synthesis. Hor example, 
Spiers and McGill (1979) compared surface samples of 
four soils, and observed little relationship between 


exuracuabie P and phosphatase activity. Organic 0 
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content appeared to be more closely related to phos- 


Phaltaoce ACLIvity. 


ie UGLlIZation. of organic F oy, plants 

Yurener evidence for the signifwesnce of mineral-— 
124600 reactions in soil comes from numerous studies 
Op gDlany sresponse LO organie FP fermuvizers. McKercher 
ame YolWerson (1978) studied the response of barley 
(Hordeum vulgare) to P from nucleic acids and phos- 
pholipids in a F-deticient soil.» Gomparison of values 


fOr planvu biomass and tissue P concentration showed 


deoxyribonucleic acid (DNA) and KH,PO, at 50 ug P g7~ 
Soul vorve similarly erricitemiwinm supplying Fi wo the 
piants. Measurements: of NahOOn-extractable inorganic 


2 


FP snowed mearly equal amounts of available P from DNA 
and Se atluer five days. Phosphavrdylcholine was 
mineralized less rapidly than DNA, and was an inferior 
source Om P compared with sea e Other studies have 


SLSOncHOWn) Dat DLAanus Can Use Organic F compounds as 


Tie Sole source ot FP under sterile and nonsterile condi - 


tions via root production of phosphatases (Rogers et al. 


PO,2. Ss7emper, L960; Eetermann and Mebaren, 1961; Sen 
Gteua and Cornfield, 1967). Dalal (1977) concluded 
that while plants can use glycerophosphate, sugar phos- 


piaves ,~mucleilc acids, nucleotides, ~imociuvcl hexaphos- 


(atte, sata Leclunin as sources Of 1, ners 1s mo un 


equivocal evidence that plants utilize organic P from 
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the soil solution. Nevertheless, some of the organic 
Pyextracved from soil by Wild and Oke (7966) was shown 
to De available to plants. 

Various studies have investigated the effect of 
pPlany erowtn on Levels of organic P in Soil and ius 
relationship to phosphatase activity of the rhizosphere. 
Sekhon and Black (1968) reported that P uptake by plants 
Was signit icantly correlated wiv organic “FP mineral- 
Pec during incubationwor soil samples: in ine Tabora— 
Lory, Independently or CO, evolved anc labile imoreanic 
Po their results support the hypothesis that some of 
ite vaken Up “by plants was initially present as 
Orgadile PF and was Mineralized by soil macroorganisms 
during plant growth. In another experiment, Sekhon and 
Black (19069) "demonstrated that in surface samples of 
Sl eesorle "Oreente: ? “extractauilce Gavi ll) iO rollowed by 


oo Nie On wae “slenificantly Vower in soll samples 


4 
planwved vo four successive Crops Or sorghum and Gates 
(when roots were removed from the soil prior to analysis) 
Gist in Control soll samples and Uncropped “soil samples 
iicipaved An a mole conduit von.” While in uUncropped soil 
increases in extractable inorganic P were similar to de- 
Creadea in extractanle organic Ff, En "cropped soil dé- 
@reases in extractable ‘organic P were much greater Than 


increases in extractable inorganic P because of uptake 


CL. Eyre plants. 
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Further evidence that soil organic P may ibe de - 
creased by growing plants has been presented by Thompson 
and Black (1970a). Growth of five successive corn 
seedlings (each for one week) in 30 ml of water in the 
pregence.6f 10.5. 9)0f soi] scontaimed sin anyenyvelope of 
Teflon-coated glass fiber filter paper decreased the 
extuaetaple onsanic Pocontem: of she soil latter cor 
BeGiLORehOGaOreanic Pr contributed by plants) relative 
to thesamount without plants present. In the simulated 
Bhigwospneressplant .productien ot serganic P compoundes,and 
plant-induced disappearance of native organic P occurred 
Simultaneously. Furthermore, the plant-induced de- 
Cteuse Imsextractable organie (2 cceectrned withouL ohysical 
contact betwéen soil and roots. Thompson and Black (1970b) 
Lested.the hypothesis that such decreases in organic 
Puccculisnromiangincreaged rave ot ymineralizgation of 
soll organic FP due Lovyinereased phosphatase activity in 
Ene espresence of plants.» Phosphatase preparations from 
SOLULLonS im which corn .secdlings had been, crown, and 
purified phosphatase were incubated with soil in the 
absence of plants. The soil used was previously shown 
bOpUnAeEoo 2 .decrease iisnalive Greenic Pein Lae, presence 
of cornjplante. .Additions.of phosphazass resuited in an 
Dicreasesil Groeanic FP instead ol thescdecrease proedicucd 
by the phosphatase eee. The authors suggested 


that Pammobibhized in thesbiomass, ol smicroorganisems 
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which grew on added phosphatase and associated organic 
materia Veirexceeded:any’ mineralization of native’ soil 
onganicor?.. Furthermore, deficiency in technique (in 
addition of active phosphatase and precise measurement 
of the sensitive organic P fraction) may have affected 
the results. These results also suggest enzymes active 
finisad ima rewtesseciated witha rolineraning derepressed 
nacacOLe la ypopulat von. 

Neal’ (2973) investigated the influence of selected 
praseeseancdsiorbsiion soil phosphatase activity. Hach 
Species was grown separately in the greenhouse for 10 
weeks; soil was then separated from the plant roots, 
sieved, ‘andestored at) 4 C until analysis for enzyme 
activity. werd phosphatase activity was not altered by 
erassitspecies! classifmed\ as dominant, co-dominant, or 
Dnereasers; pPplanie species classified as invaders, how- 
everLwenOcjiced) apetauisticaliywe significant increase an 
acid phosphatase activity. Although there was no dif- 
VB owitepal sey” Ei NahCO,-extractable P measurements before 
seeding and after harvest, Neal (1973) suggested that 
increased phosphatase activity under invader species 
reiiects al powentiallby higher P uptake. \Hivs results 
nayeexpl ein the: slight-to-nil response 2o fervilizer 
rywimeeravied prass lands, “even= when theprecerve ois oil P 
(dove So idle tect? se low. 

Boeromandé Thien (19079) investigated the effect) of 


corn roots on P availability in a macrorhizosphere (in 
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which the “entire root system was confined to a core 

2 cm in diameter) using three soils. After three 

weeks “growth acid phosphatase was enriched by 17, °20, 
and 40% in the macrorhizosphere, and to a lesser 

emveny J imvaway from thescentraltcone, Inthe three 
soils the degree of enrichment was inversely proportion- 
alo cesrdual phosphatase "activivy, organic matter 
content, and clay content. Although available P (ex- 


traced wren yOr0 3iN NEP Mime0 7025eN CHCl )\Caverag@ed for 


4 
the three soils was depleted by 11 and 16% after 2 and 
3 weeks of growth respectively, the changes were not 
Statvaspically significant. sucthermore, there was mo 
UnDTOrmsdecredse lim organic (Flin tresmacrorhizosphere; 
hence the authors concluded that enzyme activity was 
not limiting mineralization of phosphatase-hydrolyzable 
Conpowndss “The Sicnition method used. te sdetérmine organic 
Py ehowever, may nob be sensitive enowsh to Wdevect ichanges 
in the phosphatase-hydrolyzable organic P fraction. 
Although “evidence has béen présiented in support 
of the hypothesis that plant roots produce phosphatases 
Tow bze SorcaniesPecompotmds ii soil, ih Gis .neu bedn- 
clusive. Alexander and Hardy (1981) interpreted the in- 
verse relationship between acid phosphatase activity of 
mycorrhizal teoobs lof Sitka sspruce andeihie Revel tor ve) N 
aAcevuetacad-extractable PF lof “decaying torganicmmemier 


abOuUtetwS roots tas “derepression of phosphatase synthesis, 
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but they did not obtain evidence of plant utilization 


of solMorganic! P. Continuing poor growth of tree 


ip) 


at the site was largely attributable to P-deficiency, 
indicating that high phosphatase activity of mycor- 
rhi zads roots’ did, not compensate for low levels of 
latide? inorganic, P.)'The atthore Suggested that higher 
phosphatase activity may result from a greater pro- 
portion of senescing root tissue associated with a 


higher turnover of absorbing roots on P-deficient 


sites. 


1.4 The Relationship of Phosphatase Activity t Other 


~oad) Properties: and Culturale Practices 
er ral rractices 

1.4.1 Organic C content 

In most cases phosphatase activity is directly 


related to organic © content in soil profiles and in 


Qu 


ifferent soils (Speir and Ross, 1978). For example, 
-Speir (1977) found that acid phosphatase activity in 
eight topsoils from tussock grasslands was correlated 
highly significantly with organic C, and Juma and 
Tabatabai (1978) reported that acid and alkaline phos- 
phatase activity were Significantly correlated with 
organic C in pooled data of five soil profiles. Because 
of its relationship to organic C, phosphatase activity 
decreases with depth in the soil profile (Juma and 


fabavebei, 1978; Speir and Ross, 1978), 
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The relationship between phosphatase activity 
and soil pH is such that the larger the difference 
betweenathe natural :soilepH and tae optimum pH for 
enzyme activity. the lower the activity in situ 
eopede wand soss, 21973)... suet menmome ~ecpel me Gho77) 
foumdsehad acid. (pH.6.3) spresphatacesacthivity was 
eorrelated highly stenificantly and negatively with 
Diein sine ysuriace ,orizons ofea schimoseq uence of 
[Clic suc coc esr ass Lanse eis cand elabatabai (97S) 
Reported that wacid (pH 675) gohosphatase activity was 
significantly and negatively correlated, while alkaline 
Gpali.0)) phosphatacctactivity arasisieni-fi cant Ly “and 
positively -correlated, with the pH of surface samples 
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The effect of available P content and inorganic 
PeiLecwiliazers. on the Level vor pnesphavase acuivity in 
soil is variable, particularly when viewed at a level 
of resolution which regards measurable changes in the 
field. (Controls on phosphatase activity via repression 
Checiavile GynLhesis or inhibiv1on of existing activiny 
by orthophosphate operate at the microsite in which 
the enzyme is active. While soil available P status 
a (fecos puosphnatase activity whrough such controls, 


Jteoleo Nas an indirect effect by aniivencing planw 


on 


‘a7Gtv Pate mer Big «mul 


sritiiate @ 


yhivigoe oastecqrons 
segoretTih es a on 
sot’ Re. mbutsqo ede ae ayer : ” 
2 Elias nde: ees oneene “A io 

[Eres Pp obeye nee spetitart ae bes atedt) 
isetgen onset adqued™ (td ast haee gect barot 
avicayer. hes » idenSislonaiatials ba telorod « 
g tn seettoen sdetcwe ents. ai Hg ; 


a ey % 


+e ey = bpeted 612 
chant adees daoasnt af elles 


és siviades eeeranzeodts (*,.2 Berbiae teas Sevseges aS 


oh few ghetutensPe yiovitaeen bpe yltqnoltiagts- 


- Sete yiiaee LPs pes jew rovisce asec engeosa \O. ff Ha) 


bi onee egies. io Ra Sct aree -pabelerres qlevisisog 
- 


-basoutes eltee Lite 
>) 


v2 


nd TSBaLatese’ ¢ €.4./ 


otesetrat hue taetsos q eids Lioee. So setae ef? 


af priylsve wnmtandgeotg 2 te tat: ent oo evouil ime? : 
» de Bewety ded vinaiuehd ay yeideltray at ‘on 


idatuaape abregts ate estty least 


Lg 


favel 
edt ol. epnarts. = 
eo ieaetiet ely yiivides en ad etiquen | nD elox2009 bh 
yotvites geivelxe Xe sis ile ateodeays auyan s a : 
és on west 5 Stadquedqotitte 36d. 


ix toe as stisoro de ¢8 


A tier $ alee 


productivity and hence amounts of enzyme in the 
Syeuem. Burangulova- and Hasiev (1965) found that 

soil phosphatase activity was decreased by application 
Of "inorgani¢e P fertilizers. ~Skujine, (1967) .concluded 
Chatepecauses phosphatase activityadnesOl ws Ss inversely 


proportional to the amount, of biologically available 


Perecdivtouryot anorganicePeiseritiatizercs usually diminishes 


it... Chundérova, and Zubets (1969) reported that in 544 
derno-podzolic soils phosphatase activity increased as 
applacauion, of sherbiiizger Plancreaseds tie, soluble. P 
contentrup, +o 20 me 100 cas soils; phosphatase activity 
decreased at higher levels, of soluble P, and disappeared 
completely at soluble _?P ee of 60-80 mg 100 oa cou. 
Speir.and Ross-(1978) suggested. that low levels of 

Peri ilizer rt eincrease phospiavace, ACtivigy indirecily by 
TocCrcoasl oO ee pLanLopeOductAVibty sands crop lal aculvaiity.. 
Hence, soil organic matter convent, and srizyme level. 
DeGreased phosphatase activity Lrom high levels of 
fervublezemy: Tesulis 'Trom repression, Oiecnzyie syn- 
thesis 4nd, Inhibition of exis tinewaceivicy, by, orzho- 
phosphate. Their hypothéesis.ais supported, by the re- 
sults of Spiers and McGill (1979); in a Black Cherno- 
Reni e coil with hich, organic mMalwer convent and bien 
ipiogeal phosphatase activity, P fertilization ,at 2/ or 
oy hall sama hay. oe for 5 years reduced phosphatase activ- 
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Organic Matter content and low initial phosphatase 
activity, P fertilization at 54 ke P nar Hebe: hor 


DaeLcorsuended sto increage activity. 


Weaea Microbial numbers and plans, productivity 

The relationship between microbial numbers and 
Sour DAOsPhatase activity in*tme tiela 1s not well- 
defined. While Kramer and Yerdei (1959) reported no 
direct relationship between phosphatase activity and 
otal Microbial activity (as evidenced by amount of 
sugar consumed during composting), Geller and Dobrot- 
vores <a (1960) found that in Ukranian podzolized eray 
soils phosphatase activity in rhizospheres of winter 
wheat, clover, and lucerne was closely related to 
Microbial activity. Ramirez-Martinez and McLaren 
(1966b) reported no correlation between changes in num- 
ers sol Dacteria and ilngi, and changes in phospnatase 
aCtlaviGyuin €ol1l over several “satoling daues.. In spite 
of variable results, sufficient evidence has been pre- 
sented to discount the hypothesis that phosphatase 
activity tay be Used as an index O61 Microbial acuivivy 
in soil. Because of repressible-derepressible synthesis 
Cl piOppiatace by Soil Microorganisms, 6 positive 
correlation between microbial numbers and phosphatase 
aeLavity ie .only expected for microbial populations 
growing under derepressing conditions (Nannipieri 
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(T9600) sugecst that availability of “subdtrate for. 
microbial growth and demand for orthophospnate by 
plant roous and soil microorgantsme in the rhizo- 
Sphere may promots’ derepressing Conditions. 

In situations where fertilizer application or 
ROvauLOn Of Crops increases, plant, production, soil 
SreenicalsiemecOontLent, and microptal activity, levels 
of phosphatase in soil are usually increased. Hence 
non-Pi fertilizers and organic fertilizers generally 
increase soil phosphatase activity (Vlasyuk et al., 
nose GCelter ana Dobrotvors' ka ,- 19005) Blrangulova. and 
iasiev, =leo>s oper and Ross; 978). Khan (1970) 
found greater phosphatase activity and total micro- 
biological activity (by measurement of dehydrogenase 
accivity sin ah Tive-year*rovavLon of grains and lesumes 
than in a wheat-fallow sequence on a Gray Luvisolic 
SOLIne = BOON Betivities" werempreoveably related to soil 
Orvan Calla bver CONLENL, Which was figher Tor ihe five- 
modrerOuaumon.. Moreover, Certain plant species may 
increase levels of phosphatase in soil more than others, 
as Neal (1973) demonstrated for plants growing on 


over-grazed grassland sites in Alberta. 
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GHAPTER 2 
CHARACTERIZATION OF PHOSPHATASE 


ACTIVITY IN SURFACE SAMPLES OF TWO SOILS 


Aoleinerodiucvunon 

2.1.1 Michaelis-Menten kinetics 

Application of Michaelis-Menten kinetics to phos- 
Piateasemachivily Min soll has provided information about: 
Vie piveical Locaulon and “state Om enzyme activity an 
SOD onde boOut COnUroOLes On mac tava ly. it, hast ade6 
provided information consistent with the hypothesis 
that whe activity 1s enzymatic in nature. This theory 
assumes (for a single substrate, single enzyme reaction) 
that the enzyme reacts with the substrate in two steps, 


Sno wleu wie CreaGClilonm as revenci pie: 


where EH represents uncombined enzyme, ES represents 
enzyme-substrate complex, BY represents all the enzyme 


present, S represents substrate, and P represents 


65 


ainiapiae =: ” 
ast0d our % Li 


5 _ 


i 
. 


ain ar} 


lad _—_—i. 


vokvents sapaehantbeess ii he rs Ma 
aad or] entteats 2a? S1eW-wa theme Hi: Senasi sol lgghoy - se 
funda rhe) bia Yk tebsvrung: Ben tics st véhv lies seated | _ 
pi en rCisas, anqace. Te iste fee mys tanel iwode yd: ott) 
6g hata Me apkkviege do gLoxdaveo teode Sue. -Ldoe’ 

i bay? suit) waite tiets taaew, was soggetct bebivetq 
qroed?. 24° eiiehdaiid ni sidenyens, es geivicoe ould sant 
(gokteage 2egqay + lute satattedae eignia » 193) eomuans 
iota ow ni ehautedua eas diiu @t52e7 anyane ant. tadt 


raidfase@e? #t motsoast sat ae 


qs b 
——. =o” 


product. Derivation of the Michaelis-Menten equation, 
which is the rate equation for an enzyme-catalyzed 
reactuLom anvolying a single substrane (in phe context 
Ot ohis Pees tan): is based onytwoeassulpn1 One ; 

(mw) the substrate Concentration te so nich that the 
enzyme is nearly saturated WLC eps ireke sonar is. 
ViteUallyeall une enzyme in the ssyavem te present in 
the enzyme-substrate complex), and (ii) a-steady- 


state concentration of enzyme-substrate complex is 


maintained. The Michaelis-Menten equation 
ei! Vnax Cs] 
O 
Ks af [s] 


Pelanes anita reaction velocity (vo)s maximum 

: ; a 
velLocLiy Olea which is equal to k,, [E,] , and 
ifittal substrave concentration (1S ]) through the 


Michaelis-Menten constant (K)s where 


The value of Ubon is equal to the substrate tonceniravion 


Suwiem ene activity is half maximal. 
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Values virion Ko and \ ama are obbained sexperimentally 
by measurement (of (therinitial reactiou welocity Wat 
various substrate concentrations while holding the 
concentration of enzyme (amount of soil in the assay 
Mextune) constantaylWhen data are figved to a linear 
transformation of the Michaelis-Menten equation, 

Values "OL Ko and (aes can be obtained by simple linear 
regression analysis. Various values have been reported 
FOr poesphatase activity of soil samples or materials 
extracted from soil (Table 9). Differences in values 
Pepouied ianQlable, 9 parialy resultpirom) dviferences in the 


assay methods used. 


pri,< Diserepanciesein the fatpotyMichaclis=Nenten 
Konetvics to soil phosphatase activity 
measurements 
Discrepancies in the fit of Michaelis-Menten 
millet ica taoory [Or SsOlUtPOnNS FO experimental data 
obtained from batch-type assays also provide information 
about the effect of the microenvironment on stabi- 
i3zZe0 phosphatase.activiligy iin oils samples.» Cervelli 
et al. (1973) determined K, values for soil phospha- 
UGeeractivity by a method which corrected the values 
VerIccoUntet or ausorption, of substurate.§ They sug- 
gested that the action of phosphatases in soil follows 


two steps, 
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Tapes valmes of K and V for phosphatase 
m max 
Sculviby Of soil Samples on tmavertals 


extracved Trom soil. 


Reference Phosphatase io ioe 

activity (mM) (umoles re 
ba soil) 

Tabatabai and ERomme| IMEC OS OMe s=2.08% 

Bremner (1971) 

Gervelli et al. acid ON - LO. 4 

(O77 39 0.35=5.40*** 

Gerritse and acid 0205-0. 2.0 

Vane Ove (toys) alkaline 0250-1700 

Batistic et al. acid” , oho 0.083,; 

(1980) alkaline i 0.019 

it vague an a e Cane se a ae ee sy SS oe ee) 

Pebe vapat (bo) al kalinie O.22-4.92 One o aie 2 
diesterase On-Site 0.33-0.91 

Browman and diesterase O20 ORES ta ei 

Tabpatabad (1978) 

Kishk et al. triesterase’” pees 0.056 

(1976) 0.50 6.100 


differences in values partly result from dif- 
ferences in assay methods 


"" wmoles p-nitrophenol ote aa soil unless 


otherwise stated 
values corrected for substrate adsorption 


extracted and purified enzymes 


re : : awd =I : 
umoles p-nitrophenol min mg proLeln 


wea substrate was methylparathion; values reported 


fepresent two extremes of a nonlinear plot 
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where So Pepresenve adsorbed Substraue, =o represents 
substrate in solution, and the other symbols have the 
Meaniiees previously described. “8iunoughn Cervelli et 
clean a povliesized that the mesctaon takes place 
imesoluvion,  Gerritseé and van Dije 19738) sugsested 
that the phosphatase reaction may take place mainly at 
Le SURE Aces Olt es ot. parnvicles sbecalse, tol adcorptidon ot 
both enzyme and substrate. Cervelli et al. (1973) 


stated that the substrate p-nitrophenyl phosphate was 


adsorbed according to the Freundlich isotherm, 


x/m = Kot/2 


where x represents the mass of substrate taken up by 
taccumeOm soll, OF Lhe Concentration of substrave in 
solution at equilibrium, and K and n are experimentally 
determined constants depending on adsorbent, adsorbate, 
solvent, and temperature. Using the Lineweaver-Burk 


transformation, the authors derived an equation for 
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“Ceterminatzon of the Michaelis-Menten conctant “in 
Whlen tte Solution cloncentration “Or "-supetrate 1s 


calculated from the Freundlich isotherm: 


They obtained K_ values ranging from 9.7-16.4 mM 
when substrate adsorption was not taken into account; 
when adsorplionm was accounted Tor, the corrected Se 
values at Vaines) ranged from 70s 35=5:2enM > SThe nee 
values are smaller than those for Rn because in hetero- 
geneous systems such as soil not all the substrate is 
available to react with the enzyme, and hence more 
substrate is necessary to have the same reaction rate 
ao inesolution.& The ie values are close to the values 
Oi Kn reported for acid phosphatases from plants and 
Microorganisms . 

Brams and McLaren (1974) showed that in the sub- 
strate range 0.1-1.0 mM Michaelis-Menten kinetics ade- 
Guabely described the concentration of substrate and 
DrOomiucte Leeched Trom COUUMnS OF BOik Crumbs asa 
Puno on Or Lhe Initial substrate Concentration; pnos- 
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rate. They also obtained evidence that hydrolysis 
ofssubsiraxzerin-the columns was-diffusion-limited. 

Irving and Cosgrove (1976) reported that an 
Kadie-Hofstee plot (vos thesinittalarcesetion’ rate; 
versus v/LSI, where [S] is the substrate concentration) 
of experimental data indicated that p-nitrophenyl phos- 
phatase activity of a krazgnozem did not follow Michaelis- 
MWenLenskinevicssfor.<solutions. slneiheir work both 
substrate and product were measured spectrophotomet- 
racaliveduring Ghe.coursesotahbydrolysis* of -p-nitro- 
phenyl phosphate by the soil sample. Substrate adsorp- 
tion was accounted for; the quantity of substrate sorbed 
(s 


ference petweche he Quantity of substrate added. (Ss 


ernha) during the assay was calculated as the dif- 


aged?’ 


-andeiLhe .suly.er the quantaty present in wthe outer solu- 


Tonle le ) and the quantity hydrolyzed at time t (em 


ee dle 


ee ee accede ee 
The phot.4or vy versus v/ts] Was .nenlinear, and hence 
Couldpmetsbe used to caleuLate iS. directly. A value for 
V was estimated by extrapolation from the kadie-Hof- 


max 


stee plot and used to obtain an apparent ua value from 
the plot of v. versus IS Je, based pon wihedelinitiion fof 
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half maximal. They determined apparent x values 
using two different emounts of soil in the assay mix- 
ture (Ta pteviay. 

Progressively increasing the concentration of ortho- 
phosphate in the assay solution progressively decreased 
the quantity of substrate sorbed by the soil sample, 
suggesting that p-nitrophenyl phosphate was adsorbed by 
the soil through its phosphate group. 

Irving and Cosgrove (1976) considered the deviation 
PromvMtoheaeks=Menten Kinetics to result from ghe nature 
Cie Wwic sAChIVity luSselt, Or from ine nature of the micro- 
env InOnmMenGrlin which the acimuiiy is located. Ir p- 
nitrophenyl phosphatase activity in soil behaves like 
that of a membrane-bound enzyme, several microenviron- 
mental effects could be responsible for the deviation, 
involving diffusion of substrate through the unstirred 
SOluv1On Surrounding the soil matrix, substrate diffusion 
(iPoueh pores In vie Soil iatraw LO une enzyme, and 
electrostatic effects between charged substrate ions 
and tixed charges of the soil ~maurix. 

Product formation followed zero-order kinetics for 
ay east the initial 40 minuves of ume reaction. Irving 
and Cosgrove (1976) hypothesized that substrate con- 
centration in the region of the enzyme was maintained 
Steavconousns level during this perrody by transfer from 


Stier supetrave pools, particularly tne substrate in the 
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Table 10. Apparent Rn and siptgl es Values (Or Pent wropheny! 
phosphatase activity of a Kraznozem ‘(from 


Inmvinto "and ossroyve, Looe 


Amount. .0f sou lin Une Ke 
assay mixture (g) (nmol. min7~) (nif) 
O56 27 ee 
0.1 19.6 es 


* estimated by extrapolation from the 


nonlinear Hadie-Hofstee plot. 
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bol solution and that sorbed by the soi]. They 

proposed a model (Figure 3) to describe this hypothesis 
Ln whe So Feprmesents SUbSUrate Gn tae coubmer Solution, 
S: represents substrate in the vicinity of the enzyme 

(tm the Gnner solution), AS represents sorbed or re- 
fabively mondiffusible substrate, and At represents the 
SOrDuLOnesttes Of tne “soil matrix. ~Otmer symbols have 
bmewMeanines Cescribed previously. “Reaction 1 and 7 
Maintain une concentration of Substrave in the inner 
SoluUpbom as 10, is reduced by hydrolyeis. The authors 
proposed that step 1 could be regarded as a Donnan 

cqul torium, <and Step 409s a, solubility ocoducy relation- 
Sil peor Sorpllen equilibrium. “Eaoergenice P “produced by 
hydrolysis displaces sorbed substrate into the inner 
Solution, Yerding tO Maintain Ghe Substrate concentration 
im the inner solution at a constant level. 

The discrepancies in fit of Michaelis-Menten 
kinepice Lor solutions ~oO measurements Or Mhosphatase 
Mchiviggeon soll ae reporucd by Gervelli ey al. (1973) 
end mevvoeeend Cosgrove (1976) sindicate chau tne pios— 
phatase reaction is affected by the solid phase in the 
aecayeMaxuure. Betause reaction rave 2s arrected by the 
int bWence Of Microenvironment on access of Substrate to 


enzyme, Michaelis-Menten kinetics do not account for all 
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time teacvors which control phosphatase activity in situ. 


eevee 1 On i Ko values 

The application of Michaelis-Menten kinetics 
tO phosphatase activity in soil has shown that micro- 
enviTonment attects reaction rate. Determination of 
Qo values 70r Soll samples in batch-type acsays provides 
an apparent Ks value which is a composite of values for 
tiem vac] OuUS COMpONents Of yachivity. slgis concepts 
ColisaS tent with results obtained. by Paulson and Kurtz 
(1970) in measurement of Kn for soil urease activity. 
The value of x changed with fluctuations in the micro- 
Dial popvilavlion.~sRkecressicon,or Unease aclLivicy on tae 
number,or ureolytic. microorganisms was used to,partition 
total activity between an adsorbed and microbial con- 
ponent. The partitioned urease activities were then 
used to calculate Ke Vabies.Ot,0 05 snd, 0. 2o2sh fox 
the microbial and adsorbed forms, respectively. The 
authors emphasized that the measured changes in value 
of x for tie soil as a whole indi¢atedsa -changesin the 
environment of the urease molecules in the soil, which 
Wiomcaused by A shifttsin the Proporitons of two. components 
CEeactiIVituye.Ocayed InetWwOsCdlilereniL smLleroenvironmentsc. 
Dimi lari yaehienk set al. (1976) .obiained two arbitrary 
K, values (O21 25> and )0,5 0 mM) stor sheen Vdrely tic sot 
ity of soil samples towards methylparathion by extrapo- 
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Burk plot. They suggested that the two values may 
indicate more than one source of methylparathion hydro- 
lase in soil, or may as two extremes, pertain to enzymes 
in the free. state (0.125 mM) and those in the highest 
stave of adsorption (0.50 mM). Ihe hieher value would 
thenarepresent an apparent sconstant whichwsis affected 

by substrate distribution between the solid and solution 
pieces. 

Juma and Tabatabai 11978 )@eencluded that variation 
in Kn malues for! phosphatase aciiviuy in soils a8 parudy 
due to variation in the econcentration of soluble native 
orthophosphate in soiks because orthophosphate is a 
Competitive inhibitorsof acid and alkaline phosphatase. 
Competitive inhibitors alter the value of x but not 
Vinx’ 

Makboul and Ottow (1979) investigated the influence 
of calcium homoionic clay minerals (montmorillonite, 
ifiljce, and kaclinite) added to the assay mixture on 
Kn values of wheat seed acid phosphatase. The value of 
Kn inereased with the amount of clay mineral added 
(Gabbe Ii) Gkindicating that affinity or enzyme for 
substrate was reduced by adsorption of substrate or 
enzyite to the clay. Similarly, variation in whe extent 
OL aasorobion of enzyme or substrate may partiy explain 
variation in Ke values reported for phosphatase activity 


Of soil samples. 
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Taple ii iirect™of increasing amounts of Miree clay 
Minerals im” the assay mixture on values of 
K, £or wheat seed acid phosphatase (from 


Makboul and Ottow, 1979) 


Clay mineral Amount of ae 
clay added 
(mg) (mM ) 
none ~ {oA 
montmorillonite 10 eal) 
20 S00 
30 C2 a5 
Teta ce 10 aes 
20 6.94 
e10) i. OD 
kaolin pe Li) Dee we 
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30 SUZ 
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2.1.4 Conclusions and experimental objectives 
Studies of the nature of phosphatase activity in 
soil indicate that activity of a soil sample represents 
Die con Dra PUL On, Of, prolifera Lings@icmoorcana smc), wend 
a Gipblerexurace| lular, componeniuasy Poth components 
MUSte Demconcidercd.dn siudies. OL conc olespn achiva Ly , 
gro characteri shies Of phospnatase.in soil. .Moreorer., 
measurement of phosphatase activity yields a value 
wig Ch ie ons MOsts Cases an Andex, Oly popengsialsaclivaLy 


Ungsigu. Kinetic constants devermined without extraction 


Of phosphatases from the soil matrix are averages of 
values associated with the various components of activ- 
cl its SOll, whose relative Contributions %oO the 
wholes varye spatially andgtemporally in soil. «Variation 
in Ks values reported for soil samples and discrepancies 
in fit of Michaelis-Menten kinetics to measurements of 
Sone ONoOsphalase acuivily, parbly result trom the in- 
Eluience of the microenvironment on accessibidaity of 
substrate to enzyme. 

ine Oojecuive OL This initial study was vo characver - 
ize the phosphatase activity Of air-dry samples ort the 
Surdace MOrizone Of two solvls Dy determination Of pH 
Opuima, end values OL Kn and inet. ie fi756 hypothesis 
Lésted was that phosphatase activity in the soil samples 
Can be resolved into an acid and alkaline Component on 
the basis of measured pH optima, with either or both 


present. Determination of pH optima provides indirect 
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information about the source of enzyme in the particu- 
Poreco1lsiudied. The-second hypothesis tested was 
that soil phosphatase activity (measured in batch- 

type assays) can be adequately described by application 
Ore Michaelve-Menven kinetics, yielding oe Ko and 
a a Values.) puch kinetic: treatment provides lindirect 
riLormatiem about the physical location and state of 
phosphatase in soil, and indicates whether the micro- 


sivironnent in which the enzyme is vocatved affects its 
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2.2 Materials and Methods 

fore OLUS 

The» soil-samples used in this study iwere air-dry 
(less than 2imm) samples of the surface (Ap) horizon 
Civyoe Malmo pSuGL (under barley stubble) and the, Breton 
L-omly under hay and unfertilized). pome characweristi cs 


OPeticse soul «sanples are descriped in Table iz. 


a.e-e4 Phosphatase activity measurements 

Ue mevnod used for assay of phosphatase actinium 
Wacma MOditTied rorm of shat of Tabatabai and Brenner 
(1969), which involves colorimetric determination of 
p-nitrophenol released by phosphatase activity of soil 
samples during incubation with buffered p-nitrophenyl 
Vics pave sObUbionm amd olwene atoo/"U for 2 hotr. “sent 


(1.0 g, air-dry basis) was weighed into a 50-ml Erlen- 
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mever 1 ash> arter addition of “4 ml of utter “solution 
(ModrrredwUniversal “Buffer of Ckujine et als, 92), 
Omar Troluene, and 1 mi of 0.1 aM Sodium 
p-nitrophenyl phosphate solution (made up in buffer of ap- 
propriate pH), the flask was swirled to mix the con- 
Gents, svoppered, and placed into ja shaker contained an 
euwaven— Deum Maintained at 3/7 0. | atwer | hour the flask 
was removed and unstoppered; 1 ml of 0.5 M CaCl, and 
ym ot OFS M NaOH were added to the flask; the contents 
Wene mixed yoy swirling, and then t1ltered through What-— 
Mane NOL 2zo1d ber paper. Aliquots of filtrate were 
diluted Sn appropriate butter, and the absorbance 
Heteauteduat e400 snm. | Te con@entration sot p-nitrophenol 
in the filtrate was determined by comparison with a 

Colt pragmon curve Obtained for standard solucions of 
Dol trepmoenol (0, 20.4, 6, 8, and 10 ug ml) in, wut Per. 
AD contvrol in which the substrave Ssolutvioniwas added to 


ime mlesk atter addition of \Cacle and Nace /(orior to 


RQ 
iil oravion) was employed to accounts for yellow color 
Pesulving ¢rom soll “organic Watter, and p=ni vropuenol 
€citdined im the substrate soluvion, andemot trom 
ivaroiysis OL substrave. 

Results obtained were expressed as umoles p-nitro- 
phenol ne iam sori ‘(oven-dry bacis). dm cevermi mation 
Of "On Cpuiva, 5, 10, or 20 replicates Gere Wsed, cdependine 


upon variability of the phosphatase activity measurements. 


The raw data describing the relationship between phos- 
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[Sl/v,. and [5 |°to calculate ‘the valus of the inter- 


cept on [Sl/v. ay. 


The values of Rn and Uae Cane unen De calculated from 


the Hanes-Woolf transformation using the values obtained 


for the regression coefficient (b) and the intercept 


on Lele Cane. 
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Substrate solution concentrations used were 2.5, 
5, - oR Upaterie nded O0enMe) ended 255 —@55% S085 765 ond 
100:\mM for the Malmo and Breton samples respectively. 
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10, 15, and 20 mM, respectively. The kinetic measure- 
menbs were carried out at the pHoptima of the two soils, 
oles: 0 for the Malmo samples, and pH OMGefer the Breton 
samples.) Phosphatase activity was cdevermined in erip- 
liicatve, as described above, with Shaking during the 
pmcubata on period.  Theseatculationy or Rn and Vee from 
the Hanes-Woolf transformation of the Michaelis-Menten 
equation is further described on pages 106-9. 

The datalobidined for the two so1ls were also plotted 
according to the Hadie-Hofstee transformation ce against 


v /tsl) of the Michaelis -Menten equation, where 


DOmbesteLoc departures trom Linearivy thaw are not 


apparent with the Hanes-Woolf transformation. 


CoA OSU is 

Zrosd DH epLina 

The phosphatase activity of “air-dry samples of the 
No horizon of the Malmo and Breton soils varied over the 
pH values tested (Figures 4 and 5). Numbers along the 
abscissa in the figures represent butter pi, not the oH 
Cp The soluuLon at the Microsite Where suhe enzyme ae 


located. The curve for the Malmo samples (Figure 4) 
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Phosphatase activity 
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Sows sODULMUM ACtIiVity at pH 8.0-9.0, with alkaline 
phosphatase the dominant component and a very rapid 
decline in phosphatase activity below simone. For 

the breton samples the optimum acwavivy occurs in a 
broad peak over the range pH 6.0-8.0, with acid or 
"neutral" phosphatase apparently the dominant com- 
ponent (Figure 5). These curves represent the relation- 
ship between plrosphatase activity and buifer pH for air- 
dry soil samples, and cannot be extended to soil samples 
im whieh molsture/or nutrient conditions change the 
welative sizes of the various components of soil phos- 
PlRotase ACtiyitvy. Curves Por air-dry samples represent 
POr aie Most tparu the aActivity-ph relationship of Leen 
mulated enzyme. Both soils are acid (Table 12). The 
samples of the Breton soil were obtained from plots 


which had been limed, as the pH values indicate. 


pee We Ue “COns ia ats 

Measurement of phosphatase activity of air-dry 
surface samples of the two soils at increasing concen- 
traweonms Of SUbetrathe Shows Ssauuravion wlio Substrate, 
a characteristic of enzyme-catalyzed reactions (Figures 
GC ands) ). Whorecthe Malmo ao: samples the substrate con- 
centrations used were not high enough to saturate the 
system (with substrate), and the curve only approaches 
the zone of gero order kinetics. The Hanes-Woolf trans- 


formation (IS ]/v. versie, [s.|)) Of the data produces a 
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Pete Of initial’ resection velocity or) 
yersus initial substrate concentration 
MSs Torts Viceline: (oEeseun phosphatase 
activity of air-dry samples of the Malmo 
Ap horizon; vertical bars represent one 


Spandard deviation. 
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Plot of initial reaction velocity (v,) 
versus initial substrate concentration 
Choiptor acid (oh 6.0 Ponoepracace 
actLlVibty Of A@ir-dry samples of the Breton 
Ap horizon; vertical bars represent one 


Standard devia vion. 
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Linearep ote or both soils (Vigures*epand) 9). with 
coefficients of determination (r~ values) of 0.996 

and 0.989 for the Malmo and Breton samples respectively. 
Simple linear regression of [SI/v, on [S! yields i 


Velie Of ~.besna 2.2 mM; and ie Vasues of VAS and 


ax 
5.6 umoles p-nitrovhenol ae a soil for the Malmo and 
Breton samples respectively (Table 13). These K, values 


are similar ©o those reported in the iiterature for 

Soll ca lapler9). The Vax Values of samples of the 

Malmo and Breton soils are higher (especially for the 
‘ine Soe) tenan valves .of ae reported in the literature 
Pormcoul phosphatase activity | leole 9). § For the Breton 


samples, the calculated value of Le (5.6 umoles D- 


nitrophenol ieee oe soil) is less than the value of 


5.8 pmoles p-nitrophenol nee aa powered.) pio.) obtained 


ax 


DE CeterMinapiOn Of Une phocurve.) This is mos. probably 
due tO variation/sin the amounts of enzyme in the samples 
of the Breton soil used, together with the effect of 
storage. 

The Eadie-Hofstee plots Guns versus lel) for both 
Souloearesionlinesr (Figures 10) and 11))) saeressing that 
phosphatase activity does not follow Michaelis-Menten 
kinetics for, solutions. Irving and Cosgrove (1976). found 
Similar nonlinesrity in, tadie-Norsrec plots, of piospnavase 


activity measurements of a kraznozem. 
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Hanes-Woolieplot @irpthenratio of initial 
SUBSTraAve CONCeNtralLon bo ianitial reaction 
velocity Cae) versus the initial 


substrate concentration ([S]) for alkaline 
(oH 8.0) phosphatase activity of air-dry 
samples of the Maimo Ap horizon. 
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Dek Dre euse10on 

Spedreand) Rosso(1978) stated that essay of 
phosphatasesactivity with artificial substrates’ such 
as p-nitrophenyl phosphate often yields two pH 
epi ime. bosetacid: (pH) 4-6), andWanemother @lualine {pH 
o-10)s Jerther optimum, .oreboshsemayeoe oresemt. The 
Hesults ebtained for samples of the Malmo soil agrees 
With this consensus, “showing am alkaline optimum at 
pH 830-9.0.5 The activity-pH curve of the Breton soil 
samples resembles a pattern reported in other studies— 
a broad peak about a nearly neutral optimum—and re- 
presents a mixture of acid and alkaline phosphatase 
(Spememsnduhoscs 41976). “Eivazi sendy Tabatabai, (1977) and 
Juma and Tabatabai (1978) concluded from measurements of 
paosphataset activity invair-dry surtace samples of soils 
WiLUh-a wide range of physical and chemical properties 
VHab aAcvdOwphoOsphatase sis predominant in acid soils, and 
alkaline phosphatase is predominant in alkaline soils. 
Uhis Pelatmonshipedoes mov always hold, as is evident for 
the Malmo soil samples where alkaline phosphatase is 
predominant in a soil with acid pH. Furthermore, the 
cestilie of “this*study suggest that phosphatases in soil, 
whether associated with an actively growing microbial 
population or stabilized as accumulated enzymes, are not 
necessarily in an environment where pH conditions are 
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The two? components” Of) Soil phesphatase activity 
(acid and alkaline phosphatase) represent varied 
sources of enzyme. Gould et al. (1979) suggested that 
Hie oOLlLeaciade phosphatase is primarily sor@ plant origin, 
whtlé@ alkaline * phosphatase is primarily of "microbial 
Origins’ slunei*may also be ™ma,or contributors of acid 
phosphatase in soil (Casida, 1959) ) "Determination of 
sources of phosphatases in soil on the basis of measured 
purtoptima is complicated by stabilagation*of" phosphatases, 
whiechemaySarrec. ply optima devéermined®f or activity of 
soil samples (Ramirez-Martinez and Mcharen, 1966b). If 
the effect of stabilization on pH optima is discounted, 
thesresults or this*study indicave®a*contribupion of 
both plant and-microbial phosphatase in the Breton soil, 
Ss opposed —Lovatnajorecontriburioneer microbial Calkaline) 
phosphatase in the Malmo Soil. “It is of interest to 
consider what causes the accumulation of alkaline phos- 
phatase in the Malmo soil. 

The nonlinearity of the Hadie-Hofstee plots, which 
is 6vidence of discrepancy in fit of Michaelis-Menten 
kKinevses?Por-Solutvions vos phosphataséc-actavavy of-soil 
samples, indicates that the io values obtained from the 
Hanes-Woolf plots are apparent Kn values for soil samples 
in a batch-type assay. These apparent Se values reflect 
the proportions -of the various Ports of phosphatase 


présény ih? the soil samplés, “and represent” an average 
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measUve Ofsaiminity .of “enzyme efor wubstratie: fem ‘ad 
microsite. 

ivescitec. of microenvironment, oumecsiva ty of 
stabilized phosphatase of air-dry soil samples is 
indpL»eated—by—the-—-similarity -of x values reported for 
Ciiterent scils , ~ditrerences in Kn Vaaues yor soul samples 
SG Chaves ineeolUiLom, sand discrepancy ia fit of 
Michaelis-Menten kinetics to measurements of soil 
Deeqorate ce mactyeiy .  oimitarity in ie values of 
phosphatase activity of soils of different rceographical 
heniene (Tape t>), and withum thiemsaudy beumeen 
samples of two genetically different soils (a Gray 
inv tele woul and a Black, Chernozemic%so11))), 1s 
consistent with the conclusion of Tabatabai and Bremner 
Clo my sthagepnosphatases in dirterent soils are either 
Similar ti type and torisin, sor Gie x values are made 
Minor I S01) by associapivon mich soil sconsiltuents . 
Differences in pH optima reported for soil phosphatase 
aCtivivy and the wide range of soil organisms capable 
Or -oroducing phosphatase sugepest thas the influence of 
wiestiteroenvironment (as opposed to similarities in 
type and origin of enzymes) makes te Values Unt Tori, 
parurculariy ian -air-dry soil samples: in which the pre- 
dominant component of@activity is accumulaved enzyme. 

The Ka values for the Malmo and Breton soil samples 
ere sitiler am size to the larger values; reported, for 


plant and microbial phosphatases in solttion (Table 14). 
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Toble (eAteriakues: of, Kn for phosphatases yanom Various 


Dlantrdnd microbial «asoumced. 


Enzyme and source 


oUriitven morepecirie acid (plo) Pips «amo waillse 
phosphatase of Lupinus albus 
(Newmark and Wenger, 1960 


POOgeactcm= (pie Te) "procoma tase Sic meee eee 6 
of Bouteloua gracilis 

(Gould et al., 1979) 

purified acid (pH 5.6) phosphatase Zea. iO 
of potato (Neumann, 1968) 


Puri Tecapacio w pio. 5). phospiabace Bea 
Crepe vo @lapavaoai "and 
Bremner, 1971) 


Bure ed acid (oo. 5) phosphatase oeed 
of wieae germ “lavatabal and 
Bremner, 1971) 


Curitred.acid (pn 5.6) piosphatacge 2a 
of Neurosvora crassa (Kuo and 
Blumenthal, L961 


purieied alkaline (pH 9.0) Oe ret) 
PiOspliavese Clee cheorichvar Corl 
(Neumann, 1968) 


acid (pH 3.65) and alkaline (pH 8.9) es ere 


phosphatase of Saccharomyces 
cerevisiae (Schurr and Yagil, 1971) 


* with p-nitrophenyl phosphate as substrate 
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The similarity is surprising because x values ‘Of 
air-dry soil samples would be expected to be higher 
than those for plant and microbial phosphatases in 
solution, ref lectanesmicroenvironmental effects which 
Peslrrey uve access of substraterto enzyme.) Such is ‘the 
ease for smaller values meportedgim Table 14%, and 
Lge values of Prancis.and King (1979) im Table 15, 
waieh Gifrer tmom the soil Kn values obtained in the 
Dresenu svudy wby 1-3 orders of “maentGude. Differences 
in assay methods and purification of enzyme preparations 
prevenG Siricyp comparison oF Kn Values, Higher Ko values 
OF Phosphatase aculvity- of air-dry soil samples result 
from adsorption of enzyme and substrate by clays (Cer- 
molli-vey al., #9735 Makboul and Ottow, 1979), and forma- 
tion of carbohydrate-enzyme and humocarbohydrate-enzyme 
Oolplexcss (cautcime ep ale, SO) aciwell as cuner 
RaCLord. 

Nonlinearity of the Eadie-Hofstee plots for samples 
Of both soils is in agreement with results obtained by 
Irving and Cosgrove (1976), and supports the hypothesis 
Miamwactiviny Ot Phosphavases’ im Soil is modified by 
Microenvironmental factors which are not considered in 
Michaelis-Menten kinetics for solutions. At the micro- 
Site Michaelis-Menten kinetics describe only part of 
the enzyme action, and other mechanisms must be added 


to model effects such as substrate adsorption and dif- 
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fusion, Ss Irving and Cosgrove (1976) have proposed. 


eee One rsd Ons 
Piesresulits Ol this Ss ludy suppor ane following 
cone ustons 
(i) the different activity-pH curves for the two 
SOilesindi cate, ditierncices Gumgine relative amounts 
Of Diant and microbial phosphatase present, and 
indicave a predominance, ctamuecnopuadescadka line) 
phosphatase in the Malmo soil. 
(ii) the data suggest a multiple enzyme-environment 
Sy oem, even in dried soi si wid chaare dominated by 
accumulated enzyme. 
id i Mosstimibarity in K, values for phosphatase 
SUV y OL air-Ory samples Or lie wo (sols supports 
the hypothesis that microenvironment influences the 
SCviviry Of accumulated phosphavase. 
(Give) ditrerences in ee values for samples of the 
two sOllS and those of plant and microbial phos- 
phatases in solution may result from the effect 
Ci MCrOciyLrOnmeny, IN rece ine sacce seis ok Liwwy you 


substrate to enzyme. 
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Data to Accompany 
Freures (Vande 


Table 1. Relationship between phosphatase activity 
and pH for air-dry samples of the surface 


hor’ zon Ot the Malmo: SPC. 
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Table 2. Relationship between phosphatase activity 
and pile fer air-dry@samples Of tie surface 


DoOrmzZeneior thee BretoneieGau. 
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Caleudatront Of tunpand ay 
mo 


por the Malmo and Breton peas 


Va bles ale Values calculated from the data for the 
fanes=Woolfstransformation or the Michaslis-— 


Menten equation. 
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CHAPTER 3 
CONTROL OF PHOSPHATASE 
ACTIVITY BY ORTHOPROSPRALE 


IN INCUBATED SOIL SAMPLES 
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Phosphatase activity measurements indicate levels 
Of ploscpiatase in soil and powee@tial activiuy, bun do. nog 
Lepr e clus CULV Uy 0) 61 UU me licrelore  smimeral 17a 0107 
OT Oreant cer compounds in s0ll must be assessed, by some 
Cumer Measurement. Because Onwdiiitcultics in measuring 
COnceiure LLote Ol inorcani clan organi eG. Pam tiie jso1 1 
Solution, measurements of labile P by extraction methods 
have been used to rollow mineralization Otsa labile or- 
Ponioer earacLion i feescn | “(Hadin cies) eats se bomman, ard 
Coley OSs Cole wei el. Lo7s Dick anduilabana baia, alo 7.5.) . 

BDbott (1978) reported that in 0.5 NaHCO, extracts 
OLosamples Of a calcareous: soi ghere wasia hich correla- 
ULOn OGUNeei  LNOLeani CG Pand Uptake Of Sov uine Lest crop, 
and cOmrelatilon, cOcriicients tor totad Fi an the extracts 
were Jower than for inorganic PF. . He sugeested what either 
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waStresUstanvevo tnatural “conversion (to inorgzanie? ; 

or the Vinorzanice “Pwintthe extracts may Sinelude soil 

organic P hydrolyzed during the 30-minute extraction 

period?) “InYregard’ to the Latter nypothesis, Ditckvand 

Tbacabas O2977) reported interference from hydrolysis 

of acid-labile organic P compounds during orthophosphate 

méedsuréments “by the method of Murphy and Riley (1962). 
Bowman eandecole (1978 )etested tthe My nothesis Shae an 
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component measures a labile or quickly mineralized organic 
Pupraepion whileStherinorganie Pecomponenvurrerlecus 
mineralizgavionwolr thesextraovablerorganie wr "fraction: 
Various unlabelled organic P compounds were added to 
samples of “assamdy loan prior etovineubation at freld seapac- 
Ley Y After 3 days, glycerophosphate and four 3! nucleo- 
tides of ribonucleic acid (RNA) were completely mineralized 
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as P immobilizéedtin microbial cells (from the NaHCO ,- 
extractable inorganic P pool). While RNA degraded in 18 
days; sodium-inosit6l Wéxaphosohave wassunrecoverable in 
the Nalco. 6xtract Upon. immediate, extracuion, and owas 
relatively unaffected over the 18-day incubation period, 
DAGPCALineC THe Tathis subsiravuse wast preci pisa vedsor ad- 
sorbedvinwthéelsoilrvsamples. The Naked. extiracy Gid nes 
seem to extract live microbial cells; thus the decrease 


imeexbpactablésinorganic P»irom immobilizavion was not 


rerleected imsincréases in the extractablérvorganicxer 
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feachson.aBecause a relatively constant amounvl of native 
organic P was extracted from the soil samples, changes 
inpuhbesleyel efporganic Pein the Naito. SxUracie dinins 
imcuvetionwreprsesented changes im tne size of a labile 
enganic Prpool. 

Dick and Tabatabai (1978) measured rates of hydro- 
Pysisacfesevenworcanic Psconpounds 2n soil samples in- 
cubated under aerobic and waterlogged conditions by deter- 
WinRAtLONVOLsorthophosphate extracted by OC 5 M HO). The 
compounds-were ‘added to the soil samples at a rate of 
500 pom -P, a concentration designed to approximate that 
néearnaatértibtiner band. Monoesters (monomethyl phosphate, 
B-glycerophosphate, glucose-l-phosphate, phenyl phosphate, 
and p-nitrophenyl phosphate) were completely hydrolyzed 
Uipcomolescmolwuwe acid sollswaiver seven days of incuba- 
tion. Diesters (diphenyl phosphate and bis-p-nitrophenyl 
phosphate) were hydrolyzed at slower rates. 

The experimental results cited above indicate that 
extractable inorganic P measurements can be used to fol- 
low Mineralization of readily hydrolyzed organic P 
COMpOUNas added vo SsOll. Further, the organic PF compo- 
nent of NaHco, extbracts represents, a, tabive,, quickly 
Mineralized organic. P pool Logether witihwan orsanie — 
fraction which is not readily hydrolyzable. 

DaVvestigations of whe nature of immooilived P an 
amended soil samples indicate that much of the mobile 
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iSe conta nedawithin  cellularydéebris, andeas’ relatively 
stable against hydrolysis by extracellular phosphatases. 
For example, Hannapel et al. (1964a, b) examined the 
noo legipirac uaenpol soidysolupsOnsedisplacecefrom 
cotumns Of amended samplessof sarcalcarcous sandy: loam* 
MoreitHan 95$80f the Pi movineswas, oreanicseand| midlipore 
filtration showed it to be contained within microbial 
eellsjand-cellular debris. »Martin® (1970) éxamined cold 
and | hobewater extracts of sampleseofyten soils -inetubated 
with water containing 325 _ orthophosphate under  ¢€endi Liens 
ee mMLeroDialvachivity.eesdtnourhywhot extracts 
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contained more than 30 Pelabelledelow molecular weight 
Plosmhate esterse or bacterial origin, MOst Of the organic 
P of water extracts of the soil samples appeared to be 


very stable, awathca;, LowabhurneversraLer 


Doiwenoretat cance: or labile their t eld 
Variation in levels of labile P in the field has 
been related to the cycling of P ian whe plant-soil system. 
Hames ads (1972) observed large seasonal Tluctuations 


Li lere tet ot 205. M NaHCO,-extractable ercenwe <P ane & 
Brown Chernozemic soil under native grassland. A low 
evawiaple Fo status at. the site torvether wink a) lack, of 
plant response to application of fertilizer P suggested 
that mineralization of labile organic P balanced uptake 


of P byinew plant material. An increase oan TaHCO,-extract- 


SpleF @moincided with the period of “ieximum plent growth, 
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Abbott (1978) measured inorganic and organic P in 
five extracts of soil samples collected during erowth of 
Sorghum ine theiticld. “Organic Primerour extracce (055 


M NaHCO O02 N HCL, 0.02 N NaCil wand @ water aided by 


ae 
gelatin and Superfloc) increased in midsummer during a 
period when microbial growth was stimulated by small 

grain residue and high soil temperatures. He concluded 
that estimation of available P is improved by including 
measurements of extractable organic P when a significant 
veserve Ot “availabiice F exists in Crganicei orm as a resuly 
aig amiable) oak MENA 2) alkene 

Stewart 6t 21.(1980) fractionated Pin soil samples 
from plots under permanent pasture and from a wheat-fallow 
FoLaAvlon an caskatchewan.  Approximauel; WO%Nor the P lose 
during cultivation in the wheat-fallow rotation was asso- 
Claved). With the’ more labile inorganic and organic compo- 
NWemte extracted’ by an anion exchangs) resin, 0.5 M Nakoo., 
and. 0. Mo Nes Or. 

These three investigations of variation in levels of 
labile P an the field suggest that curnever of Labile or- 
pane, Poise involved in supply of PF Doyplanis. “Further, 
extractable organic P measurements can be used to follow 


Gemporal changes in the size of the lebide organic P pool. 


in the field. The results of Halm et al. (1972) and Abbots 
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maybespertlys made: ip-of organic! Pytromimicrobiady cells. 


ooo ei teciency of Orthopageprate supply from the 
Vabile P fraction amiincubated.sol! samples 
Soil incubation studies have provided information 
S00UL vive ern iclency Of Orthopnosphate supply from The 
labile Fepool to a proliferating microbial population. 
CGhathan et al. (19797) investigated movement of P between 
Soil nor canic, sorganic,- and Dvomass PF compartments in 
incubated samples of the Ap horizon of a Black Cherno- 
Zemi ce Soll whieh received dried grass or cellulose plus 


oe Wii and Wipnout KHAPO every 30 days. “Mer thie 


5 Bees 


celfimlose pis NH NO. 


treatment, wie Mmrvcrobial P. pool an- 
creased rapidly at the beginning of each incubation pe- 
CVOG,ecepresciuing rapid immopliiigatron sor, P Trom 4 pool 
recharged py cither desorption and dissolution of inor- 
calc, .OGemineralizea tion Of torgantc ro line Nalco. 
extractable P fraction was Less dynamic than was biomass 
[ap oxuoraccapler inorganic oP decreased duminmg the initial 
bucldup of the microbial population. Although changes 
Hiwextractaple Organic P were Less consistent, thie frac- 
tion tended to decrease slightly during the periods of 
ineréeasce im muorobial PP. These results conrirmed the 
need for refinement of methods for defining labile P on 

a Kinetic basis, because the NaHCO,-extractable P measure- 


ments failed to reflect the dynamics of P transformations. 
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In another experiment, Chauhan et al. (1981) added 


cellulose plus NH NO) with and without KHSPO) 


days fue. Siicuba ted “sanples of Stworsoiits), sore’ with Dow 


every 30 


and the other with high labile inorganic P status (3 and 


18 ug NaHCO.-extractable P he soil respectively). Added 
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MS 


Solute wuaG lO Miceli Ne VE NSbe tus ssa timer tae. Tire: addition 


of cella ose pis) NT NO, iia! suppiay ToL va Oilike’ inorganic 


4 
P dropped to a minimum level (less than 1 ug NaH Oe 


extractable P ae Soil) where: i remeined) forthe duration 
of Mtite Wincubayiom. period. >> iim. sp ile "om Che ow Weved or 
labile inorganic P, microbial P consistently increased 
Over soe. lirst sour days of Gncubati on following addition 
Or cellulose and NH NO. Furthermore, at the end of the 
Picupation period the amount of cellulese-© remaining was 
only 5% higher in the treatment without added P (relative 
tO the treatment with added P). The authors concluded 
that increased mineralization of labile organic P par- 
imaliy compensated for lack of P in the cellulose and 
tt Oe treatment. 

Sbowary 6G al. (1980) fractionated an, campies of 
two soils following amendment with cellulose pilus NH) NO, 
with and without KH,PO) at 30-day intervale over a 270- 
day incubation period. in the soi] With high Jabile 
PMOrcanice: status, there was a buildup met) 0.1 M Naou- 


exuracvamle organic P. In the soll with low laviie in- 


Or caipomrmevduus, Wilih the cellulose plus NH NO treat- 
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ment Ghere was not a similar buildup of 0.1 uM Nada- 
extractable organic P.- The authors postulated that 
mineralization of microbial metabolites prevented accu- 
mulation of O.1 M NaOH-extractable organic P in the 
soil with low labile inorganic P.status, in the absence 
om added Fata conclusion consisteny withthe bypothess s 
of McGill and Cole (1981). 


The vexperimental results cited above provide in- 


Girece cvidence in support jo tie ny pothesis thaw mineral— 


ize bron oOt plabile sorcganic P is inwolyved) an supply pom PF 


LO tne proliferating microbial population in amended soil 


samples. Nevertheless, P supply by rapid desorption and 


CissoluGlon sol winorganic P canmou we "di ecoumted.. 


o.L.4 GCanclusions and experimental objectives 


We tliveravures reviewed 2wcneavec. wie: 


(i) incubation studies have demonstrated a Tepressi— 


ble- derepressible synthesis of acid phosphatase by 
the proliferating microbial population of amended 
soil samples. The effect of orthophosphate on 


Onospiavase aculvVily Ls CUS™MOGSG vOrius Cliccn On 


enzyle synthesis “than Of ACtiVivtywOr existing enzyme. 


Cit) fa eddition to control of enzyme synthesis and 
activity by orthophosphate, activity of phosphatase 
i elo ie aitecued by avallepiliny or substrace. 
(Tit) measurement of labile P in’ Gneubated soit 


samples and samples obtained in the field suggests 
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(ist m@iomreratirzecrone or labile vorganrvo or is 
involved in supply of P to microorganisms and 


Plants in the absence of suTiteient Tabile inor- 


gamte PF. the evidence, however, 16) m0l cOnclusive- 


(iv) measurement of labile P by extraction methods 


is an inadequate means of looking at the P mineral- 


TZa5CLOn—immMmobLlization palance. 


The objectives of the present investigation were to 
tespeiurther tne hypounesi Ss that au une Microsive in soil 


tae mr erobtal’ population exhivotussa response to the ortho— 


phosphate concentration of the soil solution which is 
Similar vo that demonstrated for various microorganisms 
2roOwne ig SOLUTION culture. "Whereas. previous studies 
exalt med controls Ol, soil phosphatase "acuivity by ortho-— 
Phos tibate An asdnele, ianeubattomy period. (whe present 
study was designed to examine control by orthophosphate 
Overy ~woO SUCCeSSi ve, Incubation, periods, “each 70l lowing 
a pulse of nutrients, into’ the soil, samples. - Literature 
reviewed suggests that phosphatase measurements may 
represent real activity associated with mineralization 


Coie Le Oc Curran SUS Ure Gc. ile oe Oe ilies ar oO eri 


Selo wad, tested, by examining they production and persist- 


ence of phosphatase in incubated soil samples, together 
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3.2 Materials and Methods 

Orcs lanoon lis 

The, soil, samples used in this study were obtained 
from the Ap horizon of the Breton L-SiL. The samples 
Were sco lie cHed in) October of 10/7 farromeinewore von Plots 
of thee Department of Soil Science, Universiny of Alberta 
(NU-2hru 7 iwi®\oaceries. ) PlotiNon 5) (under vhay, with no 
forcisiveracppolaed), andiair-dried. “Before Use in this 
study the soil samples were ground and sieved (less than 
2mm),-then preincubated for approximately 10 months 
GO) eee ery Hetil cererventawe clits, 2252516) see mete clea! en 
Ereincubatlon of the samples established a relatively 


stable.microbial. population respiring at a low level. 


o.2.2 Experimental design 

This laboratory study extended over two successive 
incubation periods, each following amendment of the soil 
samples. The treatments were selected to provide com- 
Dar toopenawong a conuroL (momstened wsoqljiyeand soil with 


a micropial population growing under two seus Of condi- 


tions (with respect to phosphatase synthesis)—conditions 


or derepression followed by repression on one hand, and 
COncre1ons Of mepression followed by derepression om the 
other. Samples of preincubated soil (150 g, oven-dry 

weight) were amended in two pulses of nutrients, one at 
tae beginning of each incubation period, with treatments 
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(i) moistened soil (control) 

(ii) es0ilrrécéivingnCs(5 ime eginueoess-0 eb soma) 

plus N (438 ug NH,NO,-W s+ soil) in the first 

pullses andBclplusal | (s4stabore) tobucsP a 200ris 

KH5PO) -P aah soul) inetieisecond oulset 

(Hi Diisoiltreceivings? shusdlsoiusseylasiabove) in 

thepeiver.pulseyeandeC,.pite UeCaslabove)jinethe 

second pulse. 
The control treatment was replicated four times, while the 
obhéer two treatments were"réeplicated six times. 

PoORScachiréepitcate of tréauhentset2 andes, the som 
sample was spread on wax paper and the nutrients added— 
slucoséeiwas sprinkled onto ithe surface of the soil; «while 
NH NO, and By Hey were dissolved in 5 ml of deionized 
water and added dropwise. The soil sample was mixed, then 
returned to the container. Moisture content of all soil 
samples was adjusted to a level near field capacity. The 
samples®were equilibrated at 4 C.for/sl2 hours before in-= 
CUWmationrat 22-25°C0) in’the*dark. ©The moisture .content of 
BaeVsSoOLl.samples was adjustéd éveryrsecond wor third day 
byeweicht." At intérvals thevsoriewastsampled tren measure= 
ment of respiration rate, labile P, and phosphatase activ- 
AiG «.: 

The second incubation period (day 0) began on day 85 


CEDLNESLirstaperi od, “withyamendment ol Uremarningtsoeiieas 


g@eccribed@aboverfor the! second pulserorenuiricnis. 
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In. Old respiration measurements 

All soil respiration measurements were obtained by 
a conmmomyprocedure.. On day 0 .of,.ceach Gaicubavion’ period 
oF subsea vemoi, moist soil) (60% am tel Piret: period and 
40 g in the second) was removed from the incubation con- 
tainershands placed into sealer jiare, of approximately i 
titer capacity... lThereatter, iilemsol tneuie jars was 
maintained at a level near field capacity by frequent 
additions of deionized water to bring the weight to the 
appropriate value. The jars were opened regularly between 
measurements for acration. At selected times over the 
COlrsesOteineubation aliquous (2@8or 250ml) sof ‘standard 
NaOH solution (0.200-1.00 M, depending upon the expected 
amount of CO, evolved) contained in 100-ml beakers were 
placed into the jars, which were subsequently sealed, to 
collect evolved CO... At the end ©f Specilied Lime inter- 
vals (usually 24 hours) the beakers were removed, saturated 
BaCl, solution and ohenolphthalein indicator were added, 
and the residual NaOH titrated with standard 1.00 M HCl 
solution. The respiration rates were calculated from 
values obtained for the three treatments and blanks, after 
Correction Tor scontrols. 

The method used in this study for respiration measure- 
“ments has two Limitations. First, the values cbtained 
represent mean respiration rates over measured time inter- 
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samples which were incubated in separate containers but 
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Results obtained were expressed as wg CO5-C h 


aa soil (oven-dry basis). 


B27. Labi le P measurements 

Labile P measurements were obtained with two extrac- 
tion methods—Olsen's NaHCO, extraction and the modified 
medium-strength Bray method (McKeague, 1978, pp. 167-174), 
With some changes. In Olsen's “method 4.9 ¢ of moist soil 
were shaken with 80 ml of 0.5 M Nalco, evolithepme) al Geshceass) 
for 30 minuwes, and then filtered under vacuum with What- 
man NO. 42 fulter paper in Buchner gunnels.—= Im the mod= 
ified Bray method 6.1 ¢g of moist soil were shaken with 
Commi Or 10030 Nh NH F-H80 , SOlubLOn sanders COODS Of Darce 
G60 activated carbon (checked for absence of P) for 2 
minutes, then filtered through Whatman No. 40 filter paper. 
BoUunvextracte were frozen directly after filtration, to 
await analysis (Klingaman and Nelson, 1976). 

Inorganiic P in the thawed Nahco. extracts was deter- 
mined by the method of Watanabe and Olsen (1965), with 
measurement of the molybdenum blue color at 730 nm and 
Correctionvof absorbance measurementsoforycolortresult- 
ing from organic matter in the extracts. The vanadomolyb- 
dophosphoric yellow color method (Jackson, 1958, pp. 151- 
Lbs) phaseviscdutoidcterminesinorgcanzcuPtineihéothawedena) F- 


4 


HoS0 ) extracts, with absorbance measurements at 400 nm 
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anc COrrection for Prextracvued Prom ine actryva ted 
Carpen. In determination” of inerganve 1 in Uletex— 
tracts, absorbance measurements were made at standard 
time “Invervals “as “soon “as'*possiblewafter stable color 
Jevyeuopmenuere reduce the erlec peo yore ystemor Organs ¢ 
P esters in the extracts. Nevertheless, hydrolysis of 
organic PF esters during meastrement cannov be completely 
dtacoun ged (Dick and “Tabatabatey 977). Oreanre "P was 
determined in the thawed NaHCO, extracts as the difference 
between total and inorganic P in the same extract solu- 
Clove slOusgl) ) was delermined, sy arperstimate dives tion 
Mepiow Wnand senate, LOYO, Meno), wi Drmmodit teavions 
as indicated on pages 152-5, and measurement of inorganic 
P in the digest by the ascorbic acid method of Watanabe 
and Olsen (1965). 

Mabie P measurements (total, organic, and inorganic) 


were expressed as ug P ee Soil" oven-dry*bacis): 


3.2.) Phosphatase activity measurements 

Acid (pH 6.0) and alkaline (pH 8.0) phosphatase 
activity was assayed using the method of Tabatabai and 
Bremner (1969) with modifications introduced to eliminate 
iie Use or toluene, improve filtration, and speed the 
determination. Toluene has been used as a microbial 
inhibitor in assays of soil enzymes; it stops synthesis 
Of enzymes by viable cells and prevents biological assim- 


PLotaOg Ou mace DroduUcts Of Une enzymatic reactions. Use of 
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toluene has several disadvantages: toluene may affect 
cell permeability, unmask specific enzymes, and affect 
Soil structure): (Skujins, @967: Speineand Ross, 1978). 
Various microorganisms isolated from soil decompose 
toluene (Skujins, 1967). For example, Kaplan and 
Hartenstein (1979) found that a variety of soil micro- 
iresnamcn Womor 7 fungi impertec vies won a: basidio- 
mycetes, and 6 of 14 bacteria tested) were able to grow 
with Om. or 0.05% toluene as the) sele source of carbon. 
Hence ~uneyeconcluded that, use-er toluene. as a. biostatic 
agent in measurements of extracellular enzyme activity 
Hay Oeminvel bch opeir and) Roca 19/3) sussespeqd what for 
short incubation periods (léss than one hour) “sterili- 
zation" is not required where phosphatase activity is 
identical in toluene-treated and untreated samples. Such 
was the case for previously air-dry samples of the Malmo 
Ap horizon, a soil with a high level of phosphatase activ- 
tty,-(Figure 22). Furthermore, in earlier work toluene 
wae, associated with choudiness ,of (the wilvrate obtained 
in the assay procedure of Tabatabai and Bremner (1969). 
im light of the above, use »foluene Wasiomityed in the 
revised assay procedure , and the ancwbation time reduced 
from | hour to 30 minutes. <A laree derepressed microbial 
Populaticiainm ancubaved soil can produce a high, level or 
Sue Oe activity; for example, Spiers and McGill (1979) 
observed that in samples of Malmo soil amended with glu- 


cose and NH, NO{ the acid phosphatase activity reached 
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Effect of incubation time on alkaline 
phosphatase: activity (with) and. without 
toluene) of previously air-dried samples 
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Téyels above 30 umoles. p-nitrophenol ae ae soil, The 
shorter incubation period reduces the effect of the high 
phosphatase activity in such a sample on the substrate 
eoncentration during the assay. ‘4A centrifugation step 
was introduced to improve separation of particulates from 
the filtrate. 

Tice wevised procedure, Hie woo MOrsL Soll were 
imeupabed with 2 ml of Modified Universal Burrer (pH 6.0 
for acid phosphatase and pH 8.0 for alkaline phosphatase) 
and i om. of substrate solution (07075 M sodium p-nitro- 
Dhenyi phosphate in appropriate, burréer) in capped 50-mi 
Dlasticecemirifuge tubes av. 37G ror 30 mMinuLes with 
Shaking ab 100 oscillations per minute. At the end of 
bhis, Cerlod the reaction was Stopped by padditvaon of 1 ml 


Orc. or Ma CaCl and 2 ml of O75 M Nave send the tubes were 


2 
eentrifuged at 7/40 Xg for 10 minutes, and the contents 
then filtered. The amount of p-nitrophenol released by 
soil phosphatase activity was determined colorimetrically 
ee OO nm Sime oo luted aliquovpelot filtrave by comparison 
Wilud a cbandard curve. 

Results obtained were expressed as umoles p-nitro- 


phenol Hot ae soil (oven-dry basis). 
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Dee ia an ise gone incubation period 

In the first incubation period treatment 2 (glucose 
and NH NO.) derepressed synthesis of both acid and alka- 
tine phosphatase by the proliferating microbial popula- 
tion, while in treatment 3 (glucose, NH /NO., and KH PO , ) 
phosphatase synthesis was repressed relative to treatment 
CaF iogures 13, 11, andi 15).  Evenswath added KH5PO) in 
treatment 3 there was some microbial production of phos- 
phatase, which may represent synthesis of enzyme in re- 
sponse to a limited rate of recharge of solution ortho- 
phosphate Levels in the immediate vicinity of the rapidly 
growing microbial population, together with possible in- 
Ccompletemixine of added nutrients inte the soil. = Yor 
the Breton soil, the acid phosphatase component was more 
responsive to derepressing conditions than the alkaline 
component (Figure 13). The respiration data (Figures 16 
aoe. fiechow the flush of microbial growth expected from 
tie addivpom-of a readily oxidizable substrate such as 
Cinuicocemlo SOs Lack of Fin Purseaumenie 2clomed rec- 
Piravronwmelative Lo that in treatment 3.) This observa- 
tiOn tfurther suggests that the-inerease in phosphatase 
Activity in treatment < is a response to an insufficient 
Supply of soluble orthophosphate. § A comparison of phos- 
phatase and respiration data indicates that while thé 


respiration rate for the two amended treatments returned 


COeewlbevolencer iat of the control an about 15 days, thie 
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phosphatase activity (especially in treatment 2) re- 
mained@ above whe control level eyem after 70 days. Thus 
phosphatase was Stabilized in the soil apart from a rapid- 
iveerowineumicropial population. 

The measurements of- available P extracted by 0.03 
N NH) P-H5S0 ) and 0.5 M NaHCO. 


activity measurements. -Both extracting solutions con- 


COrroporave: wie Dhesphatasc 


Cat Mec agar concentrati on Ol Aanorsenic Lor Treaumenn 
Seompared With the control, (Figures) £3 sand 19) .g Te 
hevelMotginorganicyP in bDolh wxtractine solutions for 
treatment 2 was below the control level for most of the 
inecubatiom period, reflecting derepressing conditions and 
immobidigation of P.. Duringsincubation there) was agrise 
im the level ob winorganic P in the extracts of whe two 
amended treatments, reflecting remineralization of P 
immeoDLLazed In microbial tissue during the early, part. of 
tie experiment, This trend was much more pronounced -in 
treaimeny 3. * The NahCO,-extractable oreanuc P measure - 
ments (Figure 20) show a high level of labile organic P 
iv treagent 6 amday 1. The organicw fraction in NakC0. 
extracus Of soll does nov represeny P Tontained in mMmicro- 
bial blomasse, bub ts associated with microbial prolifera- 
tion (Halm et ealta, Lobe c. Aiiooi, wel oO Le Bowman cme GOlke , 
1978; Chauhan et al., 1979 and 1981). The subsequent de- 
elane in extractable organic P in treatment 3 reflecvs 
Mineralageabion and. adsorption of (organic Fe’ compounds”. 


Although, there was ~a large amount of microbial growth 
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ane cOneoumcant Inmobtilivation or Pian treatment —, 
there was no accumulation of NaHCO,-extractable organic 
P (similar to that in treatment 3) at ue beginning of 
the incubation period. Measurements of total Nai00.,- 
exmiraetavle F vieure 21) followed pavuerns simstar Go 
tnose Of the inorganic P component. Because the total 
NaHCO,-extractable Pe pool] Is dynamic overeine course of 


incubation, changes in one component may not be quantita- 


tive ve remlecwed MnwCwane cS Tie umemOulcr CONDOneh uN. 


Bho oe poecond incubation peraod 

tie resiits or tanealyvesece 1olblowins ansecond pulse ov 
nutrients into the system must be considered in light of 
the data obtained Cusine bier mics ancibabion wwersod,. Wine 
slucose and NO.» and the glucose, NH NO; and KEOPO) 
additions were switched in the second pulse, with the 
Oppecuiye Of Observing the response im Une amended soil 
samples MOESUCcCessive Cdeérepressing and repressing condi — 
GLOBS Vin wreatment 2, and successive repressing, and de- 
Tetrecsine ~eondit10ns in jreatmenu o. 

The phosphatase activity measurements (Figures 14 
and 5) sow tha in the second incubation period for 
both amended treatments there was little or no change in 
the level of alkaline phosphatase activity. Addition of 
in treatment 3 resulted in limited 


glucose and Ni NO 


ae; 


derepression of synthesis of acid phosphatase; there 


was only a stall increase in phosphatase activity, un- 
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igke cine Mlaree = peak” of “activity Sin eyie -fimcs se imeupauton 
Perron. Sod tion Of “siucoge, NH NO, and REPO) 1 
UPeavmente 2 generally repressed synthesis (or -acid=phos- 
phatase; most,of the activity in this treatment could be 
attributed to accumulated enzyme from the previous in- 
eupatien” period these results confirm thawsacid ohes- 
phatase activity in the-Breton soil is’ more responsive to 
derepressing condi tVvons, -and© inant eroduciten or new 
enuymMe aACULVity is®moere sensitive toeP  stipply than is 
SC0lvibly © existing enzyme. 

hMiesrecpiracion davalCPictires)Uonandel 7”). followings 
pies second pulsePolrenutricnis Siow ar pat Lerneineboum 
amended treatments similar to that of treatment 3 in the 
HIeSteMnCURa LOM per reds with a2vrapi as Lusk) Orenuicro— 
DralMerowen in response vo “addition or®a readily oxidiz= 
able substrate. There was no delay in the peak respira- 
b@0nerate (as *was Obsérved in treatmeny 2 inlshesrirss 
ieubsacion Period), Corroborating the resusteeof the 
phosphatase activity measurements which show the ab- 
sénee Of gtrong derépressing conditions in this incuba- 
TiO ePperrod, sere slightly HighsrvrespiralLi ene raver was 
produced by treatment 2 relative to that “in treatiiens, 3% 

The measurements of 0.03 N NH | F-HSO | - and 0S5 i 


NahG@h-extractable inorganic P show tne ‘chanees resulting 


3 
from theeswitch™ or the amendmenvs in tnessecond= pulse 
(Fisupes*beWand 19). “The'addition’ ef KEPO ) in treatment 


AP ®anereased the level” of “inorganic-P ini both®exiracvs 
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from that associated with the derepvressing conditions 
Chithe tire: incubation .period. Invtreatment 3 there 
Wasa large (iecrease in the level of inorganic PP in 
botnyexturacts, reflecting immobilization of residual 

KHOFO , from tas) orevious incubationsperiod. sslieic 

Sten Pecans, sowever, that whe lewel sof Inorganic ur gin 
treaumenty 3 did not drop to the low level associated 

With whe strong derepressing conditions produced by the 
addition of glucose and NH NO. Tevet ers epud Se .om 
nutrients. This observation explains the absence of 

much derepression of phosphatase synthesis in the sec- 

ond incubation period. In both amended treatments, 

some remineralization of P initially immobilized during 
the flush of miseobial growth following the second pulse 
Of Nutrients Ae indicated by the increase in extractable 
maoreaare Peduring ancubation..  Changce Wngeoxaractable 
Pore nwCuy wes san Ansensitive Indicavorporeminera lization 
because it reflects the net difference between mineral- 
ie bion, and Oorecipliveation and adsorpuionsresct ions, 
mocitved by the extraction solution. Purgher, the organic 
Puiracunon, mineralized is not necessarily wie extractable 
Organic. P icomponen.. here appeared to be greater mineral- 
igatvion during the second incubation period in treavment 

2 than in treatment 2, although treatment 2 was associated 
with a higher level of phosphatase activity (mainly that 
Of Stabilized enzyme produced during the first incubation 


period). This observation, however, may be an artifact 
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of the extraction procedure. 

im tae second incubation pervod there was a small 
imerea sea1n NaHCO,-extractable Organic P ain both amended 
freatmentves (igure 20), associated with microbial pro- 
liferation. In treatment 2 there was a more rapid 
decHine im une Level of -extractabee organic PF than in 
treatment 3, indicating a greater supply or slower turn- 
ever wot une la dive=Orcanve Peiracviom inp ureatment 3. 
Treatment 2, as stated above, produced a higher level 
Ore phospnatasecwacuiviuy.  Uhe measurements of total 
NaHCO,-extractable Pern tne sccOondsamcubaplone period 
agemiercisleciw ines pavueric On neminorcanic component 
(Figure 21). At the end of the experiment, there was 
a higher level of total extractable P in treatment 2 
than in treatment 3, although both treatments re- 
ceived the same amount of hE Mais MobSservation 
Hr beapes tiatveas this time a larger amount of the added 
Gilat) 


ee 
treatment 2, which produced the higher level of phospha- 
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The results of this study generally agree with 
those reported in the literature describing phosphatase 
actmviuy iM imeubaved soil samples, and the controls on 
soil phosphatase activity. Nonetheless, they bring into 


question some of the earlier views which discount the 
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stemEelicanee “or “soll phosphatase “activity iw mineral - 
IZabLomoPR Vorgani ce? “compounds —partinu larly Sim tor 
receiving werop residues’ and an’ uUndistumbedi-ccosystiems 
under a steady-state condition. 

As described earlier, for each treatment nutrients 
were added to the soil in two pulses—one intended to de- 
ope sS PIMOS avase —SynUnes is), amd rune Oller inwendea iva 
repress phosphatase synthesis. In treatment 2 phosphatase 
synthesis was initially derepressed by addition of glu- 


eose and NH,NO,, then repressed by added KHAPO, (with 


ee a4 
glucose and NH NO.) iw the "second imncubatron period... In 
Dreaument Us; sirowe ver, “residual WH TPO anderecentily 


Ae iene 
synthesized phosphatase prevented substantial derepression 
OpepMoOs phatase cyavwes is “Dy addition Forme tuccsetand 
NH NO, in the second pulse following repression during 
tHe Mls dicubatiow period. \Whese mesulusesupport the 
conclusion of Spiers and McGill (1979) that the effect 
Cure OrGwOphospia be ton VSOlL plosuhavase acvivivy =e dil 
Here =b0 tie Vefiect on enzyme Synthesis "than on aculvity 
otlexisting “enzyme. Nannipier? 6t al. (Oye observed 


thaw gadiyi on ot KH5PO , (Witt lic Ose wend NaNO.) EUG ey tie 
i) 


eoncenera lors 100205, MOC DO PcCOrls,; anced tO ome Sees Soi) 
repressed synthesis of acid phosphatase in incubated 
samples on two Dark "Brown Chernozemic sorls. The dava 
Gbtained ein the present study and that ror Nannapileri ev 


al. (1978) indicate that marked derepression of phos- 


phatase synthesis by a proliferating microbial population 
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oceune Ouebvemwiin Jowdlevelesor labile wnorgendic* Py, 
Phesainitial) rate of CO. evolution was increased 

ine ther tarsi? incoubati ont period) byl added KHOPO), in- 

dicating thatethe. supply of soluble orthophosphate 

Mmivcedsihe microbial #rowth) raverine tne, incubated) soil 

for treatment 2. Similar results were obtained by 

Mramerrand) Yerdei (2959) ,¢Nannipierd et el20(1978), and 


CGhatibane ettalte (19el). Niannipierivetaels 11978 snot 


only bDseryedl ahi nivhery imitialsrate iret, erolutrion: in 


2 
preubated= Samplester alfinensandy Loam amendedy with elu- 
COs cr, NaNO, and KHDPO, (as opposed to samples which 
received glucose and NaNO), but also greater total CO, 
evelutsourean inevpatedssemples ofganciayncimil arly amended . 
Chauhan et al. (1981) also observed greater total CO. 
evolutdon-ain 4two incubated soils) for the treatment in 

which KHOPO) was included with cellulose and NH NO.. 

In the first incubation period the cumulative res- 
piration measurements indicate that after 23 days approx- 
imately 44 and 40% of the added glucose-C remained in 
thei incubated soil» in treatment 2 ands3 respectively: In 
this study cumulative respiration measurements (as ovposed 
tO total respiration measurements obtained with an aera> 
tion train) provide only relative estimates of the amount 
of added glucose-C remaining. Nevertheless, the similar- 
itvyeihe tPhesamount: of glucosé-Cyremainingpinykheetwo amended 


treatments suggests that in treatment 2 mineralization of 
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levee inorganic P compensated for Mack or -aceed KH PO). 


ree: 
i, (1981) wenorted that etven 230 days of 


Chauhan et 
AneudavLon, Of Ssatiples of a soml with Vow dabile P “svatus 
(3 ug NaHCO,-extractable P g7> soil), 57 and 53% of added 
cellulose-C remained in treatments receiving cellulose 
TCs 5 N ; | KE : 
and > 3 Vo 3 and K ay, 


tie cOtmes ponding values for samolec wo: a sOlk with wien 


and cellulose, NO respectively. 


labile P status (18 wg NaHCO.,-extractable P sae soil) were 


e 
(eran 39>,, wlvmoun and wich added HPO respectively. 


5 ie 

Chauhan et al. (1981) interpreted the similarity in values 
for amount of cellulose-C remaining as indirect evidence 
of mineralization of organic P in the treatment without 
added KHGPO)- Turvhermore, “in "thes presents Sivudyw tne de-= 
layeew Secak it treseiravion Measurements lor vreatmenn 2 
fits the hypothesis that mineralization rather than de- 
sOrpULOn and dieeoluiion Was” primeri ly responsi ble i or 
increasing the orthophosphate supply in the absence of 
added kn EOP: 

As@scaved™previ ously, im aneubated samples or! the 
BretoneApghorizonmacnd phospiatase mr cducliion waseuore 
responsive to derepressing conditions than was production 
Ofmalkaline phosphatase.  )Onuday 7 tof thestars eincubacd on 
period, +forstreatment 2, acid phosphavase activatyy was 


ei~Oeumnoles #o-nivrophenol bat = s0ids,t wha be alkadine 


phosphatase activity was 9.8 pwmoles p-nitrophenol ‘ie ae 
Soi.) bi eye LaLa .xperniment. op emeane Glogadl (19079) 


Opservead @ csix-fold.increase im acid, phosphavase activity 
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(to Jevels greater than 60 simolesspanitrophenol na 


nak soil) im samples of a Black Chermozemic.soil in- 


cubated wath gimcose and NH NO. «ss Nanni pien1 ot al. 


em Bee 


(1979) reported a large increase in acid phosphatase 


Se oiviuy § ben Wevells preater thaw 40 moles soni tre- 


phenol we oo Soi efor scan Lecmommar ed sean binwi i 


cubated with glucose and NaNO,. In cases where —tnere 

ie a larreyanemease Lm phosphatase gaclivuly Doanespense 
LOvVGderepressine condi Ones apprecuabhees tabi lazacion oT 
enzyme mayeoccur. jin other soilc., hewever , much esmaliher 


inereasese ly acids Pio spa LaSsc laicutyyUy save Pecen RObseryed 


under derepressing conditions, and little stabilization 


of enzyme occurred (Nannipieri et al., 1978; Spiers and 
MeG@iiliet 107 9)S Bence Sou lsiwaryiun ttheingcapaci ty Bro 
produce® phosphatase vieoa derepressed microbial population, 
andtiiathertrecapacity to stabilize the enayie produced. 
MUGhAGOPSTDIel Variation may be Cue vortne original phos- 
phatase level, the level of labile P, and past cultural 
practices)’ In=the present study stabilization or newly 
synthesized phosphatase complicated the investigation of 
the controls” on activity, particularily in the second 
icubavlom = pervod. “Furthermore, Lhe present experiment 
did ot distinguish between thé signiticance of newly 
synthesized versus stabilized phosphatase in mineraliza- 
tion reacuLons. 

For whe Breton soil samples, MEO) ice ES ere ER: 


organic P measurements did not accurately assess labile 
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Organic sh. eiln further work labile PB mustybe defined on 

a kinetic basis, and measurements of microbial P must be 
employed. ‘In soil samples where microbial immobilization 
Oiweabncreases tne .size of the labile organic P fraction, 
imvomeatte: Dot, NaHCO, extracts may partly reflect labile 
gegen eee epi bbott (1978) sussested tnatinoreanic e of 
Nalco, extracts may inelude labile organic P hydrolyzed 
during the 30-minute sextraction.period.» This hypothesis 
may apply to NahCO,-extractable P measurements in the 
present study, particularly for treatment 2 which produced 
ikeheeLevels.of wphosphatase activitywein whe first sincuba— 
peOmeperiod.. «Mineralization .of labile woreanic.P during 
the 30-minute extraction period would interfere with dis- 
crimination between labile inorganic and organic P,. and 
MayresplLaingtnesabsence.ol aylange change win NalCO,-ex- 
beecvallLevyorcanic Pein the second yineubawion period. 

Tits mnypOulesi Ss mustebe, lestedvexperimenialiy.. 

The results of the present study provide indirect 
evidence for the hypothesis that increased phosphatase 
BROdUCELOMADY smicroorganisns 1s -assecilated with Supply of 
Piteca proliferating microbial populavionevia mineral — 
L7ZObLOnsObehabilesorcanic. P.. several authorgehave,, how- 
ever, discounted the significance of phosphatase activity 
im situ... Bieleski. (1973), stated.that the significancesof 
Puospaatace activity, inithe external medium under natural 
@endislons issuncertain,because.of.the.very, low ceoncentra- 


tions of phosphate esters in the medium. Tinker (1975) 
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suggested that because the organic P fraction of the 
soil ‘Solution is unlikely to be buffered to the same 
erCeuueocmule ANOrrpanicer tract1om, Uieracwiyr Try "Ol riooy 
suriace phosphatases’ is limited by the small amount of 
organic P reaching them. In the case of phosphatases 
Wired rr use Ou Aneto tie "sion Merrom= olanv woous and 
soil microorganisms, orthophosphate produced by hydro- 
lysis would be adsorbed and serve only to enlarge the 
fa ve Snore aie oO. -invicer (1975) further suggested 
cMeac "ca Forde l “oarcterra. debris comtainime sorcani’c © 
compounds may be carried to the root surface in the transpi- 
rere Ot purcam, ana pe nydrolyaed “Tiere "by “surtace piroc-— 
phatases. ~in sucha "situation, reasonavly “abundant “sup- 
plies of organic P may be available. These hypotheses 
moareave that in assessing the signiiicance or phosphatase 
con Seyret TOS in Mou o rye Speer nem tons & 
be “Considered separately from its role in Supplying Peto 
wirerocrsenisms (and thence the labile: P pool) . 

Further evidence for the ecological significance of 
soil phosphatase activity was presented by Cole et al. 
GLO PP! irl developed a simulation model of the P cycle in 
Seniarid srasslands’. Flow raves for uptake ol PP by de- 
composers were derived from estimated seasonal populations 
of decomposers, barnever rates, and scattered data on P 
COMpPOSIiton Of Various decomposer species. The model pre- 
dicted thas plant and decomposer uptake trom the labile 


inorganic P pool is-balanced by replenishticnt of this 
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DOO. Maitiy by mineralizatiom of labalenormeanie F.> For 
theederasset of tne Pawnee (Colorado) siue, cimulacion 
tesulve dandvcated a complete turnover of labile inorganic 
Pidtminz ome season. For the Matador (caskavchewan) Site, 
tle model eindicaved a Tour-Lold Gurmoyer ol; wois pool 
Curlin tien Season. Ut Ls Stgenitieanm nate r Uptake sy 
microbial and other decomposers was the largest annual 
flow of P in the model; at the Pawnee site simulation re- 
sults indicated that decomposer uptake was nearly five 
times ereaber han slant Uptake. cole et.al. (1973) Qin 

a study Ol ammoba lization and Mineralization Of FF in in- 
cubated soil simulating rhizospheres, observed that bacte- 
ieiuickl Ta mmobmlaZed much “ot the labile -inorvanic 2 
drive Metabolism son Carbon sulStrates.. MOSu Of tne bacie- 
clelee was Subseduenely mineralized and sreleased —1nGo 

ties eotk Curing predation by amoebae. ~Diwdurinuy dere-— 
pressed srowth on readily oxidizable substrates the pro- 
Tiietarios Microbial popula Lion Supplies Bucs require 
ments by synthesis of phosphatase and mineralization of 
Creenie Preompouncs, Ssubsequenu release Yor ammoor lized 
Uemiicrouleal biomass May result in an indirecw crensier 


Cr P Erome ste Organic to vne labile imoreanie spool. 
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Bo OOne us ons 
tie results of the present study suppor. the 

fol lowime “conclusions: 
(i) synthesis of acid phosphatase by the prolifer- 
aoine microbial populationsim imcubated samples 
Of whe ssre von Ap horizon wace mere responsive To 
derepressing conditions than was synthesis of 
alkaline phosphatase. 
(1) studies of the controls on phosphatase pro- 
ductaon inv inecubatved sor samples are more compla= 
cated than chemostat studies of microorganisms srown 
Domo uomecl Mure  DeCauce ams Domi ical UamounG 
of the phosphatase produced in amended soil by 
Menor eam lusmom ion 6 Ua) lili Zecma iC mela dite mac mine. 
(iii) although the extractable P measurements 
Getected changes in the level or Labvite inorganic 
P €2ssociated with repression and derepression of 
iiLcerOolalweynthesis Of phosphavace.~ bey did nou 
Clearly establish the role of recently synthesized 
enzyme in mineralization. 
(iv) for treatment 3 (soil recéivinge glucocee, 
NH,NO aide HS PO 


Ae 13. aie 


and NH NO. in the second), residual added KHPO 


and recently synthesized phosphatase prevented 


in whe firs pulse. anc glucose 


marked derepression of phosphatase synthesis (by 
ed wion or clucose and NH) NO. in the Second pulse) 


following repression if the Tirst imecubation. (This 
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observation suggest that in nature appreciable de- 
repression of phosphatase synthesis by micro- 
Ocranisms occurs with the addition, of a readily 
oxidizable substrate in soil wit eslow level of 
labile inorganic F and little recently synthesized 
enzyme. 
Further research is required’ with specific attention 
Poucdevora le prop lems 
(1) the factors which determine the size of the 
labile organre: P pool (the concentration of organic 
Pe compounds an vuhe soil solution and the recharge 
Capacity Of nel soil with respect to that pool) 
need to be identified. 
(ie phe-opertion of soil/orsanic egaccessibile for 
hydrolvieie by phosphatase néecde to Dem centan ied, 
and the effect of spatial and temporal variation of 
Substrave mupply on soil phosphatase aclivisy in 
Siulemusy De examined. 
(age the hypothesis that soll picephare  clactayaty 
Caneairect the sige of the Jabile-anorcenic Pepool 
by dnereasing the recharge capacity meeds) to be 
examined. 
(yeuhe effect. of additions © emi crobias ener, 
Source such as: crop residues on immobilization of 


added and native P in microbial biomass, and sub- 
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sequent release of immobilized P to the labile 


Inoveanic pool srequires further anvyectigation. 
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Persulfate Digestion Method 


Klingaman and Nelson (1976) reported that the best 
technique for preservation of unfiltered samples of 
river water, surface runoff, and tile drainage water 
(containing 0.030-0.96 mg P lice) prior to analysis for 
soluble inorganic P was storage at subzero temperatures. 
They noted, however, that freezing of samples containing 
sediments may decrease the recovery of soluble inorganic 
Pet ifhences antithempresent studyecheeOr >, Mi NeiCo-semd 


2) 
06 0ca Ni Nis F-HASO) extracts) ofstherimeubavedgsodl samples 


4 pee 

were frozen immediately after filtration to await anal- 
Veale Ori nmorcanicrandy) orneaniice Ps 

Various workerss (Bowman and. Coles, 1978 sa Coleietfal., 
Tove; Zhauhany cteal.5 1979)<hevelusedva nitric-perchdoric 
mec id) devest Vonmitechniquet toe determines organie Poin NaHCO. 
exbractseof poil.e, Becauserproper Tacdlagaesi forse thessafe 
uses ofs perchloric acid were not available an the present 
simdyenan alternative, digestaoneprotedure. was required. 
Gales et al. (1966) developed a persulfate digestion 
jethod) foradeterninations ofy totalt Pyangsurtace, waters. 


The teffectavenescs of the-method®was tested with selected 


inorganic and organic P compounds (sodium metaphosphate, 


sodium pyrophosphate, sodium tripolyphosphate, glucosesin: 
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phosphate, fructose-6-phosphate, sodium 8-glycerophos- 
phate, sodium deoxyribonucleate, lecithin, calcium phy- 
tate, and adenosine-5!-monophosphate), algal suspensions, 
and filtered and unfiltered water samples. There was 
essentially quantitative recovery of phosphate from 
al) wuoreceinorcani casalis, and -alii-or “ine organic if 
compounds except adenosine-5!-monophosphate, for which 
the recovery of phosphate was Sie 1007s The method gave 
consistent recovery of phosphate from algae suspensions 
in witch! there wast anwariitscialiyeaniick develier, omeanic 
Matter to be oxidized, and showed that a, substantial 
amount of P was contained in the suspended portion of 
unfilsered water,samples.g*Carterest ed (1977,) used) the 
persulfate digestion method for determination of total P 
in filtered and unfiltered samples of irrigation and sur- 
face drainage water. When compared with the nitric- 
perchloric acidi digestion and Nap00., fislengmetniods Tor 
CotaleP,ytheir method consistently, gave valucseas! bath as, 
Or slighiady hiehers than thosejobLaingd, by, thevothermtwo 
procedures,egandswas more) precises’ elhenpersultategdices= 
tion method was also» used to determine total Pins the 
sediments of the unfiltered water samples. 

A persulfate digestion method (Rand et al., 1976, 
pe AvOJawasyadapted. for determination) oflerganic Pyin 
NaHCO, exoracnsoof Sodiimas»roldows: 
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added co neutralize -unevextracu, tOlLewed oy a> ml 
of deionized water. 
Cie ken leor di sest sovution=ana Oo women Tote serum 
persulfate (K,8,0,) were added to each flask, and 
tie sampres were boiled @sentiy com a dee plave for 
at least 40 minutes. 
Srv je the contents Of each thack were cooled, 
Veaiererred With rinsings Vora OU -mi volumetrrc 
glack? Neuuraluzed to a Lightypink color with Dn 
NaOH and phenolphthalein indicator solution, and 
then made up to 100 ml with deionized water. 
(iy) simorgana ce Pin the digess soluvions was de uer— 
mined by the method of Watanabe and Olsen (1965) 
with absorbance measurements at 730 nm. After cor- 
Pecrilomevornblanks (conta imide ov monm@yel 2 aM NaHCO, 
Solution Incvead of extract), woluecmore.co val |p 
for the extracts were obtained from a standard 
Curver tor soluvions Of imorganic, FP Meiving fine 
Coneonura ueons O68 W525, (O50, Hee emia sand. 
2.5 ppm) which had been carried through the digestion 
procedure. Organic P was taken as the difference 
between total and inorganic P. 
Abbott (1978) determined organic P in five extracts 
of caleareous soil as the difference in total P (by di- 
gestion with H,0,, NaCl0, or NaBrO) and inorganic P. 
Extractable total P values were poorly correlated with 


Sach Otner, indicating differences in the nature 
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of the organic P extracted by different procedures, 

and in the nature of the organic P converted to in- 
organics form. dence, in the present study whe organic 

P measurements may differ from values obtained with the 
nitric-perchloric acid digestion method which is gen- 
erally considered to be more rigorous (Rand et al.,1976, 
Dre Mii Nevertheless, “the persulfate digestion method 
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Experimental Data 


Preavmena. — moistened soil (control) 


Treatment 2 - soil receiving C (5 mg glucose-C on soil) 


Treatment 3 


plus N (438 ue NH /NO3-N pan soil) in the 
fFirstomulse, and Cspius Nlacwapove) oii 


P (200 ug KH 


2P0)-P gt soul) an ohe 


second pulse 
soil receiving CG plus N pilus) P (as above) 
in the first pulses and Csplue N (as above, 


im the second pulse 


SS 


Cs ton 7g Danone = ms re wiviasey E 
ed? at (fiaa: * "> Un, ou 7m qu 8 Mek evia we Of 
ro (svasa ss) gr aw ly : bie snateg Pat. . iw 7 * - 
awd nt (bow 7g So OS Bat gw 00S) a ” (ta 

Lae ealug hnooea 4 eau a 

Lovods 6p) 4 ‘snag th ent: 3 gatvieses Stee + € Jnoadend : 
(eveds an) Moats is) bow, aatog fetid odd mt —_ 


~petug Basess aft at 


tes 


Table 1. Acid phosphatase activity measurements for 
samples of the Breton Ap horizon incubated 
ap field capacity and 22-<59—-0)1 ot tow. ae 


amendment in 2 pulses as described above 
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Table 2. Alkaline phosphatase activity measurements 
for samples of the Breton Ap horizon incubated 
au field capacity and 22-2556 @ol lous: ne 


amendment in 2 pulses as described above 
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Table 3. Respiration measurements for samples of the 
Breton’ Ap horizon incubatved' av field capacity 


and 22-25 C following amendment in 2 pulses 
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CHAPTER 4 
EVP ECT OF CROP Roar LON: 
AND FERTILIZER ON SOIL PHOSPHATASE 


ACTIVITY IN THE FIELD 


eer OC Ciba Om 

4.1.1 The nature and role of plant root phosphatase 

Droduciioend 

in the pilant-soil system the role and signiticance 
of phosphatase production is not well-defined. Repres- 
SHOUMOL sen ZyMe USO Liesis and inhibitions oreactiviny aa 
the microsite do not by themselves adequately describe 
coutrol of phosphatase levels in the taeld. Piant roots 
produce phosphatase (Rogers et al., 1942; Estermann and 
Netarcn. §96l; Woolhouce, 1969; Ridverandenovire, Lo71: 
Couldrctpal., 1979) ,,and plants cansutilaze orpeanic.? 
esiterscvas the, sole wsource of Pin solucion culture, or 
Pome Drim@aryesource Of Poin soil (Roperspouw a, 1942; 
Wild andeOke, 1966; Sen Gupta and, Cornfield.) 1967s Mckerch- 
Broce ol bereon, 1978).. ‘These twoutacte ao cetneri ii ti 
the demonstrated repression of plant root phosphatase syn- 
biesis and anhibition of root phosphatase activity by or- 
thophosphate (Woolhouse, 1969; Bieleski and Johnson, 1972) 
support the hypothesis that the purpose of phosphatase 


Proceed oy plank roots 26,0 utilize “soil \oreanic. Pr 
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Nevienthetescs hydrolysis tof tsoi Prorcantiel Ryesitens aby 
plant root phosphatasés has not been demonstrated. Alter- 
nate hypotheses suggest that plant root phosphatase pro- 
duction sfacilitates utilization sofisPlesters meleased sto 
thewmediun sby dying tolants o(BrehbeskY and dohnsom, 972), 
or results from a greater proportion of senescing tissue 
anda higher turnover rate of ‘absorbing roots. on P-de- 
fieient sites (Alexander and Hardy, 1981)” 

Woolhouse (1969) presented evidence for physio- 
iecica py adaptavion.of root phosphnavase Activity to ahe 
chemical environment in soll, in saddtuvon ao response 
of root phosphatase synthesis to the solution concentra- 
tion of orthophosphate. He determined the effect of 
Various: concenuravions Of Al, Ca, and Po vom surtace acid 
(pH 4.5) p-nitrophenyl phosphatase activity of excised 
root tips of three races of Agrostis tenuis—acid soil 
rece, calcareous soll race, and bead Spoil race. Phes- 
Didtase me Chivity, OL TOOU Cips Erem plane ore calcareous 
soil and lead spoil races was inhibited to a greater de- 
gree by low concentrations of Al than activity of root 
Uipseef planus: of the acid soil race.” Similarity, Ca and 
Pb had their greatest inhibitory effects on phosphatases 
Or races which grew in soils which did not contain high 
Concentrations of these ions. These results together with 
tgosenror ATPase activity of cell wall preparations of 
roots SsUgrest an apparent ditference among enzymes of 


6ach race in terms of interactions With particular metal 
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ions. It was concluded that differences among edaphic 
eecotypes bores. tenuis with respect to phosphatase ac- 
tivity of the root surface may result from active evo- 
lution “or the’ structtre of the phosphatase "enzymes in 


eesponse to the LPonie composition “of the soil solution. 


Vote, Microbial phosphatase production in the 
rhizosphere 

In the rhizosphere both microorganisms and plant 
roots produce phosphatase. Estermann and McLaren (1961) 
studied the contribution of rhizosphere microorganisms 7o 
Phosphatase activity of roots or barley plants, and con- 
eluded unav although nonsterile roots, possessed higher 
activity than sterile roots, much of the phosphatase 
acuiviby OL kGMe) TroouU ZOne 1S thaweol enzyme produced s by 
tiesroou, similarly Saxena (1964) reported vuna uenon— 
sterile roots of pea, gram, wheat, and barley possessed 
ihiegier phyvase activity than sterile roous. | Greaves and 
Webley (1965) reported greater total numbers of micro- 
Organisms capable of decomposing selected organic phos- 
phates (phenolphthalein diphosphate, sodium glycerophos- 
piace, sOCdlum ohytate, lecithin, sand ripoguciorce anc iWe- 
oxyribonucleic acid) in the rhizosphere of three pasture 
grasses relative to nonrhizosphere soil. Moreover, oc- 
casionally preferential stimulation of microorganisms 
capable of decomposing some of the substrates was observed 


in the rhizosphere. Gould et al. (1979) reported that 
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the presence of bacteria or bacteria and amoebae to- 
peuler “nereaised vihe taAmount “of laiedid iphoephatace an Solu- 
Theme tanound twootis: of) (Bourvetous teracr ives Tite Kn and 
heat stability of the additional activity were identical 
ReTrtiNose "or the iplantwacid phosphatase. mwunthermore, 


plant phosphatase synthesis was not derepressed by low 


orthophosphate Levels resulting Prom microbial wotake. 


They therefore concluded that plant roots were the primary 


source of additional phosphatase activity tin the culture 


solubivonsiveonvarning tthe microorganisms )f Thesetresulie 


support: the ‘hypothesis of inmereasing levels of phosphatase 


Hoviiteechiz osphere: because motinplany preductvon or “enzyme 
together with increased microbial production of enzyme. 

In other instances the presence of microorganisms in 
the rhizosphere has not increased phosphatase activity. 
Ridge and Rovira or) reported thaw inoculeauivon! of roots 
Op) inivactitwheat seedlings with pure cultures’ of bacteria 
anda ‘fungus known to possess (phosphatase ‘activity did 
moth increase root phosphatase activity 0) Moreover, an 
some cases there was reduced activity in the presence of 
nicccoreamuems), which could mot hel auuri uve dito rsiorpslon 
Ors bistGa te sor product by microorganisms. 

invest ications: of the shenificance form mucrobial 
phosphatase gomoduction im mhe rhizosphere sugeestm thal it 
ivrereacect microbial rather than plantiauprake toms) for 
example, Szember (1960) reported no significant improve- 


ment in growth of radish plants from inoculation of 
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lecithin- or phytin-decomposing microorganisms onto 
roots of plants¥stpplied with lecithin or phytin, re- 
specuively as tthe soletsource of (PS over that’ obtained 
w2th@plants grown under steriletconditi ons. Martin and 
Cartwright (1971) used the re count of leaves to show 
that ?*P myo-inositol hexaphosphate (14° <P )awas equiva- 
lent to BSA PO, in supplying P to perennial ryegrass 
(Doliumaperenne) intaisoilinithtlow P.retention at 200 
PpmnvESbut tnhotsate20 ppmoPr uo Theirimethod assessed plant 
22 


Uptake and trans focaLion of Perollowingsmineralrzavion 
Sr Hsubstrave eUsine theetsaneimethod ,eMartin ur o7o)inde- 
moOnstraved that in solution culture the presence =of large 


numbers of microorganisms ’(with or without phytase activ- 


aby ihn Sthetrocreréesion tof wheathplants (lr iticumacstivum) 


had no effect on the amount of 32p activity translocated 
LOmplant stops rem LH?*P, Similarly, with plants grown 
we 


PiveomUiconvainingemlio Peay U2 ppm Py eineculsacivon wor the 
ROOLCKesLON WIth bacteria possessing iphytaselactivity or 
avmixed rhizosphere mierofloravhad ‘no®éieecteon the amount 


of 3A 


P activity recovered in plant tops. “Although Martin 
(1973) concluded that the low concentration of inositol 
hexaphosphate in the soil solution prevented increased 
hydrolysis of phytate by microbial phosphatase, his re- 
Sulvstalso support thé hypothesis that plant uptake tor 
ORvnoOphospnatesiginetl direetiy increased by hydrodyiic 


Devivuly Cf maerobidlrphesphatase in the noot sregion. 
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Leo Gomplexity of plant-microbe inveract»ons 
in the rhizosphere 

Rhizosphere microorganisms affect orthophosphate 
availability to the root by means other than phosphatase 
production. Barber (1966) reported that microorganisms 
on roots of barley (Hordeum vulgare) had a marked effect 
Om abeorpuron or labelled “norgante P trom dilute solu 
Hone. fvea "low ‘conveenvrat1 om of mare), 00l ppm). mero 
Organisms “int luenced poth “uptake andr trans ocaviom or Ps 
so that. roots of sterile plants contained almost twice 
as much Pas those “or nonsterive plants, and -the amount 
uransterred Vorllhe snocts was Mearly 20 times: greater. 


We 


Because most of the P assimilated: by* wens verti plants 
was present a@s“nucleic acid P, Barber’ (1966) concluded 
Hiatt mecroorranisms asgocia hed with Toots ol mons teri 
plants tak prereremialy absorbed, Pa rom aiiuve= coluvions. 
Conversely, Bowen and Rovira (1966) reported that at a 
Tor Soncenriravtonm o1 thaoelled inorganic F GO5005 mM), 

P uptake in tomato (Lycopersicon esculentum) and clover 
(Trifolium subterraneum) plants was 77-95 and 55-60% 
higher,respectively, in nonsterile versus sterile seed- 
lings. Furthermore, translocation of F to plant tops 

in tomato seedlings over 20 minutes was 4.4 times higher 
ia meneverile plants, and P translocation am clover seed- 
lings showed a similar pattern. They concluded that in- 
ereased P uptake by nonsterile plants was not solely due 


tomapserpuilon by rhizosphere microorganieme, buu iteluded 
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direcg ettects of Microorganisms oon planG merapolism. 

Vartous!) soil microorganisms solubilize insoluble 
LoL ganuer  compoungs (Das, 963s ono bal ao remo Ba gAt, 
1965; Chhonkar and Subba-Rao, 1967: Hmeidan, 1982). 
Katzgnelson et al. (1962) reported that absolute numbers 
of P-dissolving bacteria were much greater in rhizo- 
Sphere, soil than) in rool-free sci wor mosit.of the plan, 
epecies examined. They did mou, mowever, obtain strong 
evidence for a selective effect of planteroots on P-dis- 
solving microorganisms. Das (1963) hypothesized that 
bollowine incorpora gion of -P fromeinsolublemsalis ino 
Diomace, Dy TUungi subsequent death and “decomposition on 
MLeroorvean sms May release F corte sabi le poo]. 

The literature indicates that in soil the influence 
Of picsphatase activity of plant Treous sand microorecanisms 
Ouwortunophosphate wavatlabilivuy soo Une roog 25 “ditricult 
tO assess because of the complexity of interactions 


between plant roots and microorganisms. 


4.1.4 Soil phosphatase activity measurements on 
samples from the Breton Plots 
The present study examined phosphatase activity of 
Soil samples from the Breton Plows on 4 Gray Luvisolic 
soil in Aiberta. Khan (1970) investigated the é6ffect of 
four wferciliger treatments (manure, NPS, NS, and jn!) 
on soil phosphatase activity (towards phenyl phosphate 


at pi. 0) of samples collected in 1969 from the Ap 
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HObEZOm Ol stwO rOLatiONs Of the Breton 7lots, nis 
Desults Tevresemt thewerfeets of Cropping systems and 
Perbrrrzers On sorl phosphatase e@ctlviry 37 years alter 
esuavirsiment Om une plots, and) PUMyescseprior to tite 
present study. §“Phosphavass activity Im 501) samples ef 
the Tive-year rotation Of "grains and Pecumes was sie— 
igricamoly NigherStnan that tn soul Samples irom wie 
wheat-fallow system. Higher phosphatase activity was ob- 
served for plows whicn*received manure, NPKo, or NS com- 
pared with the control, but the differences were not 
Sigviscically Sigmiticanu. ~“fheywmaeni tude of the iicreases 
PHEPMOSsphaLTasesactivicy Cle@ UC ferpil zens Was Pires ter 
With the five-year rotation than with the wheat-fallow 
Syctem., = Ine Tive-yoar rotation also reeuced =a niger 
Organic matter content than the wheat-fallow system. The 
higher levels of Organic matter and phospiatase acitiviny 
of the Five-year rotation may result independently from 
increased Dlanu DroduUcurviuy, Orr li eler srcamic Maver 
Content May increase stabilization of phosphatase 


produced. 


tele  GOncCIUuSLOnNS and experimenvad Objectives 

The literature reviewed indicates that: 

(7) plants can use organic phosphates as the colle 
Source Of P in solution culture Under sterile vcon- 
diyuong vila Gcbilonm Of roo phosplatases. 


(ii) although orthophosphate has been shown to 
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Miiiory activity of root phosphatace,. and repress 
synulesls Of enzyme Dy the Toot, such controls 

have not been clearly linked to planv utilization 

Of s Onn Or Celi Cr sp 

(iii) phosphatase activity in the rhizosphere may 

De increased by the presence Of Microorcanisms Over 
that due to plant enzyme. Increased activity, how- 
ever, does nov necessarily increase plant uptake of 
Poe rhotler,  bueilay i Ncreesecamleroule sup La tem.olvsr . 
Civ) thetentecueor clanteencmmircropMual proume nr omeot 
puosphatase Fuythe rhizosphere is difiicultyco ac- 
sess because of other plant-microorganism interac- 
tions such as competition between roots and micro- 
Crean enee mor Orvnophosphave,wmicrobial elreacus on 
planvy physiology, and solubilizatizon of insoluble 
TAOrconi Cr “Oy mtd Croorcan lems 

Uyim tie ecttect oOn=tertilizerar onsoi1l phospnatace 
Bevivacy in oulkecamples from thepi1 tela) cannon be 
explained solely in terms of controls of enzyme 
activity and synthesis by orthophosphate at the 
MLCrosl ve. 

ivi patvverns of seasonal Variation or phosphatase 
acuuvuny and avavlable P In) the treld ma ysor may 16% 
bewsimitear. Increased soil phosphatase actaviiy nay 
increase or decrease specific fractions of soil or- 
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The sobyecbive, of this particularvetudy was to 
examine temporal,and spatialwvariation of phosphatase 
activity (representing enzyme level) in bulk samples of 
soil from the field without discrimination between rhizo- 
sphere and nonrhizosphere soil. Furthermore, the effect 
Si cuOO, srOlation, andefcrtidazermycspectalJyainorsanic 
P) on enzyme levels in bulk soil samples was related to 
controls on phosphatase activity by orthophosphate which 
operate at the microsite. The two hypotheses tested were 
that plant growth over the growing season increases soil 
phosphatase activity, and that application of inorganic 
Putertilizer decreasesasoil phosphatase activity py.re- 
pression of enzyme synthesis by vlant rootssand, micro- 
CEIaANI SMS Inve field. The results of this study wide. 
Suggest hypotheses about controls on mineralization of 
tobi eporcani car ao the Piceld  pandgige soni ti eanece 
(irecti {Orsi nditecely) in supply One ao Soat micro 


Organisms and plants. 


4Anoe Waterials.and Methods 

Het bo OS 

Soil samples were collected at.two,field,sites—one 
near Bllerslie at the experimental farm of the Department 
Of Coil Seience of the University oi siberta (Nised 5125 
Wi) on a.Malmo SiCL soil; the other atathe Breton Plows 
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Meee widerslice site 

The field study ton the Malmo soit was sconducted 
durineetnccummer and fall oft 979 wave Gwom plots, Ome 
under a mature stand of alfalfa and brome, and the 
Other under (barley. The design of the two plots is 
descrived in Freures=22 ana co. ine rein vloU Was 
seeded with Galt barley on June 11 using a push-type, 
Single-row plot seeder following a broadcast application 
of ammonium nitrate (34-0-0) and triple superphosphate 
(0-45-0) to the appropriate subplots and subsequent 
rovotdiilane. “Taetberley plow waseweeded by hand over 
the summer. The alfalfa-brome plot received a broad- 
cast application of triple superphosphate (0-45-0) onto 
the soil surface of the appropriate subplots on June 12. 
Fertilizer was broadcast to allow nondvscriminatory 
Sapling lor bouUr plouws, an) Spive Of Unerreduced erti— 


dite, 


Giency or this method@application. 
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Soil samples of both plots on ‘the Malmo soil were 
ebtained at two depths (0-10 and 10-20 cm); each sample 
Wace GoOMpOsu tLe Of 61x Cores (2 em in diameter) col_— 
lected from each subplot with an Oakfield tube-type 
sampler. The composite samples were brought into the 
laboratory, sieved (less than 2 mm), mixed, and then 
randomly subsampled to provide two analytical replicates 
per subplot (each 1.4 g moist weight) for determination 


Cr apicspima vase activity. Ihe moisture convent of ihe 


soil samples was determined at the same time as the phos-— 


174 


‘na evoiiy owe’ det Bo Bi | . aiivo 
shad GOTH, Wika ea” peer maennennTs 
pies a yadew 05 ina tale vo ww si 
dothen tage Pasebnord. & pntwoltet obsivs olg wax-eiguie = 
etadqopnioaane Siebas Sok’ WO-G-)t) erartia su, dosie 90 
. pumpin : ae avo lqdue aeabegotgau ont of Cd-eys0) 
siiaiv io Sbmniaih yo behav asw delg Yelred ant - .auetievator: | 
-beog s bavhaber Gotg Wadetatet te wilt, womb ‘4 
sti UOuebed) senda otipiagae @Igist rw thai teil vase 
28 eonl ae atoletow ossingonege o4Y te weetsea Ttow aan 
yreebirtett<de bade wollte ‘or Jaesbsond wae aerrithet © —- 
Sythe beaker ont tet adage ah ately Mred ett os, 
cotton Layee segitiiat teh vo Yohots 
etew Lice priaN odd ao esetg ditod Ie Swiguea toes > | 
niguan done 7 (un BS-Of) orc west atl + bouts 
-foo (tedemelh ‘ni om $) -e. : 
wuyd-sdet bles tis ne ated tos vot 


eat id a 


Ss 
—— 
a 


Uh) 


R4 
oe 
A 
dee 
B at 
ie 
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Dimensions.) subplous? anianmees m (ex 1)> with 
walkways 1 m wide 
treatments: Aw conmurol 
B.. triple superphosphate (0-45-0) 
Ory Pease 
Pigure 22. Design of plot under ailtaliasand brome 
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phatase measurements. Alkaline (pH 8.0) phosphatase 
activity was determined by the method of Tabatabai and 
Bremner (1969) as described in chapter 2, in most cases 
within 48 hours of sample collection. 

Plant samples were collected from both the alfalfa- 
brome and barley plots. The alfalfa-brome plot was sampled 
for above-ground plant nae on July 91. Plant material 
was removed on each subplot from two separate, randomly 


selected areas (each 0.8% BE 


The plant material was cut 
with a hand sickle at 7-8 cm above the ground. The materi- 
al was bagged, dried at 65 © for )28 hours, and weighed’. 

The remaining plant material on the plot was cut with a 
mower On Aupusty 2, and removed. The barley plot was 
sempled.on oopeember |’/, Le, 19; and 20.0 “he tabove-eround 
olant mavemial of the middle 3 m lengths of the middle 5 
Powe ot each subploy (equivalent to aneares of 2507 a) 


was removed. Weights of plant material and grain were 


determined after drying. 


Wiescs breton suse 

The samples from the Breton Plots (described by Mc- 
Coy, 1073) “were obtained from Sieved “ess “than 2) mm), 
air =ory oul sol samples “or “ihe “ip Gorimon agiaich Grere 
colbeeued in “the fall “of L979 by rare Ma Miter lanuiGraenc 
Spiers from the unlimed western half of “he "lous ewiciad 
(pH 6.0) phosphatase activity was determined using the 
modified method described in chapter 3, with three ana- 
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Pp eeotautstical analyses 

Analysis of variance and Duncan's multiple range 
test (where applicable) were computed for the phospha- 
Lasc achivity Meagurements bO vest fOr siaurstically 
sienificant#@etfects and interactions. The phosphatase 
activity measurements (data to accompany Figures 24, 


25, 20, and 27) are presented on pages 203-6. 


4. Seesults 

Bess tilersiaes site 

On the Malmo soil the alfalfa-brome and barley plots 
provided measurements of seasonal variation in alkaline 
phosphatase activity as affected by crop, growth (Fieures 
2), end 25). There were several components of variation 
im the phosphatase activity measurements: replicates 
(representine spatial variation within the plot), time 
of sampline, fertilizey treatment, sampling depth, and 
analysis (representing variation within the composite 
Sample). For both plots, the significant effects (at 
both confidence levels) were replicates, time, and depth 
(Taptes lewand 17). Furthermore, for the™berley plot 
the interaction between time and depth was significant. 
The decrease in phosphatase activity with depth agrees 
With resultcere ortea by opeir= (1977), sumaeaug tabs tabad 
(O78). fand @oetreand*Ross= (L978). “The cei enaticantg, din- 
ferences in enzyme activity among replicates indicate 
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Table 16. Analysis of variance of shesphatase activity 


measurements Of soil samples from the airalia — 


pmome plot. 

Source DF Sum of Variance F- Signif- 
squares ime) ie icance 
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Table 17. Analysis of variance of phosphatase activity 


measurements of soil samples ™i mom the barley 


[oe oem 
Source DF Sum of Variance F- Signif- 
Squares value ie@anee 
Replicates 8 oe! 2Ea8 2temS 
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Kerors | v2 Lee O02 
Uo mOGe: 19 249 
Fertilizer (F) 2 SS ead Chee Naeses 
Ge5A 8 Lee 2204 Os22 Neh. 
Pre Omer 20 283 hasta) 
Seubuoval 2 Do aS, 
Depth (D) 1 543 543 53.8 HH 
Analysis (A) il Cae Crore O20) Mee tact 
mx D 4 On: LOL Oia 079 
Deescs A 4 eS. Peon lee 6 Neos. 
Dies D 2 Cue k OF062 O02 Host 
ex eA 2 O25 8 Oe 24 OR OV Neos 
Dexa al OM LS OROLS Go Om Deron 
se eiite a) 8 4.69 Osos sf O20 Neo. 
wax Ul Get 8 Bit as Or.202 Oe iki Nios. 
aren Wiese ck 4 eens Soe) Crew Noo. 
Hew Daxys BZ Umar 3.6 0.069 O2e Nitros 
Ee ear ee UA Se A 8 iene O.2S8S ORE Ne 
Errore. i> woe 3 & wl 
Total Zo9 Te SOU Ke 
Suen oanty at, F = 0.05 
Sent ecant. at P = 0.0L 


Noon silent icant 


2 
“pfx, ah i 


133 


rélatively short distances. Harrison®(1979)cand 
Harrison and Pearce (1979) also observed appreciable 
Spatial variauton-in phosphatase activity of soil. For 
both plots on the Malmo soil, there was a significant 
increase in phosphatase activity over the growing season 
Coincident with plant growbn, and extending) into the fail. 
A similar trend was observed by Khazivev (1967) and Gav- 
TiOvagermdlem it 9/72 in acricultimal, soums and Harrisog 
and Pearce (1979) for the averaged values of 48 woodland 
soils when expressed on a weight basis Cre soil.) The 
seasonal variation in phosphatase activity in the present 
study represents variation in levels of active enzyme 
and hence®poventiad acuivity FobuUt-not variation in actual 
phosphatase aemiyity in situ. The Sitenificany interaction 
between time and depth for the barley plot indicates 
that there was more seasonal variation in phosphatase 
agenivity ay the O-l0 cm depth than au tge: 10-20 cm depth. 
Analyses of variance indicate that there was not a 
Cigiimacahn Cliect Of \Lertilizer mreavumenumon soil phog- 
Dietase ACbiviuy, Of either plov over a eine season. Vv 
Siaglerepplicavyion of P at 70 ke ha~* did not reduce 
suzyme activity relative to the control for the alfaiia- 
brome, plot. Ihe difference in weighvs of plant macverial 
produced by the two fertilizer treatments on the forage 
plot was not significant (Table 18); stand variation, 
however, may have masked the effect of fertilizer P on 
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Jadlewsoae Weight of plant material collected, from the 
alfalfa-brome plot on a Malmo soil near 
Piers lie, Alberus. 


Treatment Dry weight of 
leis Messer Ces 


MS controll Sere WD 
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WEDHBOLVwitweutsP at 40eke hao increased plant pro- 
duction relatruerto the Yeontroltonmmae bautcy plone (fable 
TO), tb didiuoveproduce significant diiferences in) soil 
phosphatase activity among treatments. For both plots, 
however, the form of analysis of variance tested the ef- 
fecy Of fertilizer with a relativety Tow degree of pre- 

Ci stOnuyGA comparison ofethe two plots indicates than 
phosphatase activity under barley reached higher levels, 
and was more variable over five sampling dates, than that 


undermine rstand or alfalfa and brome. 


Rowe Breton site 

inSsoil samplessor the Breton Plots there’ was) lower 
acid phosphatase activity in the wheat-tallow rotation 
than in the pfave-year rotation Of whéeav, oats, barley, 
hay, end hay (Figures 26 and 27). Khan (1970) obtained 
STuiviar wwecults 10 years carlier. Por wiicwwocau-tallow 
rotation, the two halves (treated as replicates) yielded 
Siguiticantly different phosphatase acyuiveuy values av 
toe sO. 05 confidence level, but noteat the 50) Level 
(Table 20). There appeared to be appreciable differences 
among treatments, but with only two replicates these were 
Retmcoutulctucally Significant. Yor Ame Wave ear coca cae 
there were significant differences in enzyme activity 
among series, fertilizer treatments, and analyses at 
both confidence levels (Table 21). Duncan's multiple 


range test indicated that phosphatase activity under the 
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barley plot on a Malmo Goulimear Hillersiive, 


+ 40 kg P ha 


X + s, where X is the mean of 4 values, 
each representing a sampling area of 
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Table 20. Analysis of variance of phosphatase activity 
measurements of soil samples from the wheat- 


fallow rotation..ot thewereveusrione . 


Source DF Sum of Variance F- Signif- 
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second year of hay (series A) was significantly higher 
than that under the’ other crops, a Downe prevce tiene ley— 
els (Table 22). With’ the’ exception om plow 7)(lime plus 
NPKS), the fertilizer applications which would be ex- 
pected to increase plant production (manure Pius ero, 
NPKS, manure, NPS, and NS) tended to produce the higher 
pHocphabacse activity values (TWarteer eee lew seo, 7, 
and 8. (control, Lime, lime plus NPKS| and’ P*respective- 
ly) produced the lower enzyme activity values; the ef- 
fect’ of lime was pronounced, yielding the two lowest 
values. The significance of differences among analyses 
May Del an artifact of the form of analysis Of Variance 


employed. 


Hoje Weigel Dts Toll 

Ihe.sanpling and analytical. procedures employed, in 
tae oresent study partly delermined, themepecitic ompo- 
nent of soil phosphatase activity represented in the en- 
gyme activity measurements. Field moist samples of Malmo 
soil were assayed for alkaline phosphatase activity im- 
mediately following collection, whereas air-dried Breton 
soil samples were assayed for acid phosphatase activity. 
Hence there was a larger microbial component in the Mal- 
mo samples (relative to the Breton samples); the acid 
phosphatase measurements for the Breton soil represent 
Acti vip woes vabiLized, extracellular venzyme. Dresevdis— 


tinctions affect interpretation of the results. 
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The results obtained in the present study confirm 
the first of the two hypotheses tested. Plant growth 
over the season increased levels of phosphatase in bulk 
compiles sor “the Malmo soil under avetend sof altalia, and 
brome, and ginder barley. The sisnitucanty interaction 
between time and depth under barley (indicating greater 
seasonal variation at the 0-10 em depth) is further 
evidence for the influence of plant growth on enzyme 
activity, which is greater in the surface layer. The 
divnenences in acid phosphatase, activity among series jof 
Ge: Breton Plots provide additional evidence of the effect 
Or plant growth on enzyme levels in soil, and suggest ; 
differences in phosphatase production in the rhizosphere 
PMO Cr ODS -. 

The regults. of the present study corroborate those 
Opies Velo3) and. cupoort hiss come Wisdom ines oem ue) 
phosphatase Activity sin ya soil scan ber altered byawhs prowoh 
Gi vcertaiiy plants.» slinus study did nomse however.) oro- 
wide, 6yidence for or, against the hypothesis that higher 
puospnatagse ,levels increase plant, uptake of; For both 
plone, Of the Malmo soil, phosphatase levels remained 
Hien wnto the tall, extending past vine periods Or alan. 
growth (particularly in the barley plot). This may re- 
present microbial phosphatase activity associated with 
decomposition of plant residues. _ Similarly, seasonal 
variation in phosphatase activity in a Brown Chernozemic 


soil under native grassland showed highest activity (over 
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the growing season and fall) in November (Halm et al., 
1972) seetacriuson,and Pearce, (1979) cepartedsunau pios- 
phatase aclivity measurements; for surface soils of 48 
woodlands, when averaged and expressed on a weight or 
volume basis, indicated maximum levels of enzyme in 
December. They suggested that the winter peak in activity. 
resulted from leaching of phosphatases from leaf-litter 
(shown to possess high .phosphatase activity) which accu-— 
mulated and decomposed on the soil surface. Harrison 
(1979) also reported hich levels of phosphatase, during 
Lie WinLergmonbhns im surface. sampilessor 10 woodland soils, 
The present study did not provide strong evidence 
UH ESUOpOv iL Ol Le Second snypolnescisa tia tapplicsationsot 
fertilizer inéfganice P represses synthesis of phosphatase 
by plant. soous and microorganisms. Nevertheless, the 
relatively low phosphatase activity values obtained for 
Meu ooeed Menv sory we uerenon hous (prior to 005% 000. 


proximately 5 kg P ha~+ ae: from 1963 onwards..0 "¢ LP 


ie one Mays barily mepresentsyazs phenomenon. ) 1 


1 


h late) 
pelatiyelyy oir phosphatase levels of méruivizer treai— 
Neves Of the Breton, Plots which, ineludeds? With other 
nutrients (manure plus NPS, NEKRe,=manure, amd NPS) and 
the apparent increases in phosphatase levels from fertil- 
igerm application to the barley plot on, the Malmo soil 

may be explained by a sampling effect in which increased 


planvy production due to. fertilizer application inereaged 


PNéesamounts of rchiszosphere soil included in che bulk Samples. 
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Rhizgosphere soil generally contains higher” levels of 
phosphatase due to greater numbers of microorganisms 
present (Greaves and Webley, 1965) @and *Decause of 
plant production ‘of phosphatase (Neal, 19733 sb0ero.and 
Thien, 1979); hence increased amounts of rhizosphere 
Soil in whe bulk samples collecteds {for analysis increased 
the average level of phosphatase in the samples. Such 
an anditecy ertlece of fertilizers whten@increases phos— 
phatase levels in the soil samples collected would be 
expected to mask repression of phosphatase synthesis by 
imorgantc=P. opiers and McGill (1979) #obpserved than 2 
Peril secon 2065, = ie ha* Tee for 5 years tended to 
ijerease Phosphavase activity Ofme, Gray eluvyisclic soil, 
an effect similar to that described above. in the Breton 
Plots; digher organic: Matter “content” resullLing From in- 
ereased plant production due to Pertilizen application 
(Table 24) would also be expected to increase the level 
Of phospnatase (Khan; (hO7@ssspear and Ross, 1978). 
Results obtained for the plots on the Malmo soil 
imdicate that changes in the level of phosphatase in bulk 
soil ‘samples resulting from a Single application of fer- 
Pee eos Wha SO ken a oe Oe en eee 
40 ke oP bei Were nov retlected | (austecmenit teamommieye!) 
in the seasonal pattern of activity. For the barley plot 
im particular, the differences in phosphatase acuiyiuy 
between fertilizer treatments and the control apparent 


in Figure 25 were not statistically significant when 
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separated irom the effect of time. Witmysampves em the 
same soil, Spiers and McGill (1979) reported that P 
appeiedwat </rorns5) ko hea oo for Seyeers \\ac epposed 
to a single application in the present study) reduced 
acid phosphatase activity by about 20%. Furthermore, 
with the plots on the Malmo soil, the broadcast method 
Ofsapplication of traple superphosphate may have con- 
urEbuLed to the sebsence of Sngetiech of imorganic) Pon 
phosphatase activity. The broadcast application (fol- 
lowed by incorporation by rototilling on the barley plot) 
was employed to allow indiscriminate sampling of the 
PLOtSTTorepnesphatvascmachiva tye analysis, and 1O Meanvain 
similarity io the method of application between the alf- 
aiira-=prome amd, barleya plot. For forages productionyand 
no-till systems, Mays et al. (1980) concluded that there 
Cons bemeood uptake Cieseuriace-applicdel as! On tne barley 
plot, however, as the season progressed the plants would 
Havesnedytoerely increasingly one P supplied trom soiu- 
Gertaliazer reaction products. 

The acid phosphatase activity measurements for air- 
dried samples of the Breton Plots represent the average 
heyelphofestabilized enzyme in the bulk samples. Hence 
Significant differences between series and treatments 
would be expected to represent larger differences in 
enzyme levels in situ, which include an appreciable mi- 
crobiaimandeplant root—component. “further, ror the 


Malmo soil samples (assayed at field moisture content 
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imumediavgely followins collection); waraatien an the 

average phosphatase level of bulk samples suggests 

tarcer  inierences at the microsite elie -ehoice jor 

assay pH (8.0 for Malmo samples and 6.0 for Breton samples) 

was based on optimum values obtained from previous 

measurements on air-dried soil samples; use of an acid pH 

for assay of phosphatase activity of the Malmo samples 

may have detected larger changes in enzyme levels because 

ef demonstrated plant root production of acid phosphatase. 
The two limed treatments of the Breton Plots (plots 

6 and 7) were associated with the two lowest phosphatase 

Zcliviny valhee. Prior to 1965 plomy) received soni lime 

and P. The pH values reported for the Breton Plots (Table 

Poe ac ucate higher values for the limed plots. Halstead 

(LOG) )@reoorted that “in ancubated samples wor seven acid 

CaCO 


soils addition of lime (Ca(OH) ove MgCO3) inhibited 


Bie ie 
phosphatase activity determined by release of phenol or 
phosphate from disodium phenyl phosphate. Chloride and 

sulfate Salts of Ga and Mg had no appreciable effect on 
phosphatase measurements, and activity rather than syn- 


wa 


pester enzyme was affected. The vetieci on Mime son 
Pues piatase Acbivity of -acid Soils requires Puriner an- 
vestigation. 
imme present study,—(or samples of the plots jon 
the Malm6 "Soil chardcterized by high phosphatase activity, 


depth was more important than sampling time, and both 


depth and sampling time were more important than fertil- 
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as sourcesnorovariation mneehos phatase 
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Plotsperepecsenting 50"yearsiofsespecificueroppingsgsysiens 


and fertilizer 
izer treatment 
in phosphatase 


depth was more 


applications, orotation, Perens andeteri7 1 - 
Were Sbenificantssoumeccsoteuaniavaon 
activityis Harrisony()979) econcludedachat 


Lmportenthehanyseasonsoresi sesastasscource 


Of Varlatmongin phosphatassiace 7ityecimcot sho el) 


woodlands. 


Le > Conclusions 


The resules of this study support the followine 


conclusions: 


(ijetherehisesubstantial spatial wand temporal) var- 


tation in phesphatase levels, infsoils,swhich must 


hea takened nie. eaccountinn Tied Studies. 


(ii) plant growth over the growing season increases 


thesilevedsofaphosphatase in the rhazosphere. The 


increase in levels of phosphatase over the season 


ineludes a microbial contribution of enzyme, par- 


ticularly inthe fall (after the period of olant 


growth) when plant residues are being decomposed. 


(iii) the present study did not provide evidence in 


Support of the hypothesis thau: application of Ter— 


(ier inorganic P reduces pliospiatace Wevyelasan 


the field by repression of phosphatase synthesis 


by plant roots and Microorganisms. 
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(iv) expression of control of soil phosphatase 
acvivity in thei@ield byesnomesanie FP supply may 
not be clearly reflected in the pattern of “spatial 
and temporal variation of enzyme levels in situ. 
Whe eect. Of, Ine rgan ie, We Neer ep Recs1 ly oe Ohio s— 
phatase synthesis is a documented microsite event; 
its expression in the field is often masked by 

a samplingwemect in which jncereasiedgplant pro- 
duction due to fertiiazer’ application increases 
Liem WOuUnt Of Mrhizospiere, soil aneludediim, pine 
sample, and hence the average level of enzyme in 
the sample. 

(Vv) results Cptaimed in the presenu ced y are, sin 
iar etostiocey ore Khare (19 /0)" Gndica pinot tia cle 
ehange in the*rellatave Levels of phosphatase in 
Ciewoceton sOllvover the last iU) vearc. 

We) laming of @eid sovlls decreases: tne: racid 


phosphatase acnivity . 


Aue 


“gan igque’ T ofa ageome mf 
katdege ‘Se Wieds ay wd a a be 
itis af whevet ipa 
~wong to ao taaetges ‘nk Me 
iieave ey teoratn sed nose on nen etnies) rs 
ce bestueral noite wt! bien edge noteesnges edE - 
-org otos Dy bewastomt Hpk nk soette gaiiques no 7 
secaotont note anbigga forbibie® ot eub noditouby? i 


y 


| arts nt bobwlont foo aedquestds to dimions ent 


nt soryene Ho Level a le adv enaed bas ,oiguae eS 

| /olqmse ait _ 
-nte ots ybuca tresetq add me bemtasde at liset fel <= 
ettene guiteolbat oven) sede 30 ssons oF tsit 

yt enayesqeodu to alevel erttales eit ai epceds 
eres OL tial “sae! teve Ltow poser sid : 

ies rbeds evanetonh eliioe bisa 1 potest (ew) — - 
a serine neat _ 


aot 


Tape 1. 


Date 


May 28 


June 26 


Aucust LA 


Oetober 21 


Novem- 
ber 12 


brome. 
Depth Treatments 
Nee Onieigor. 1,0 keer ia 
OF = HON sc iO) Mie Oe amet 
TQ = 20° em Oe CeO 250 Say apes, | 
0 - 10 cm ORS ORs Ui Slee) ae IC's 
O20 Cremorne eh) ae a 
0 - 10 cm Cry een Ono. 2 aLNONa ere ap) (Ce) 
Os" 20S cm Ont ae abel Oph SE thes 
OF —e ote ge Be Be, ae apie 
0 =) 20. em Shes Ge eA: Uses eh ar 
0 = 10 .em HAS) Lola Sh TONG) fen MLA 
iG 20 em Ome Iho Mie eo NA 
ae + s, where X is the mean of 8 deter- 
minations; units - umoles p-nitrophenol 


Experimental Data 


eeasonal variation in alkaline phosphatase 


acbivity Of the Malmomoa Cliwunder alralra and 


ele 


Shovels 


ach, 


we: tay - ’ 


bes siwtia nba 918) de Be ‘oi a yay —F 
Pe Pina ig RR earl ‘stam 
eo sli) eaten i, .: 


7 Ah 

sles zs ae a 
62,0, + S.0£ | SG wo OD =: i 8s “s 
O.£ £°R.0 : sane as'0S = of : 
eo peed °° ae nu an Oh = 8 Me, 

oD ee ~. 6.0. : ss 
ane NER 2uc% 

aa | seb : ae go OL = 

Bel £ Bel, - > Rcd cn 


el foe 
oo 2 7 
- 7 el " 2 - S oO 


. _ oe >" 
uaeek f ve ahs ae ate 2 
_ 


204 


“EOS ca qa! Toueydoazytu-d setoun 


= ooTUn,  eUuOTABUTMIeIe po Jo.Uugell 299 "st ( etouM “saea 


= foe 


Si Ob Oe Can 6 Coy Heo wo 0g = 01. 
Ome oT CO0e Hea |: CT etal HON Gera 6e 1940400 
GE 0h t- 36 eG 0 enue 65°O + 6°L ieverte OP iUMe 
ee wee Co oe een es SOL Wo OL - 0 Geraequowece 
HOO AEG Cale ee Oc eee BP are pe cat eYih 
a oe | Col ey x21 EC. fe al OO. = 00 Tz ysnsny 
oredr ft ce C1 a0 Ao 20 en a G3 ose = 20m 
Gt 2.6 Ce 20r-= ce 201 | fe EY NT uo 01)— 0 oe eee 
or OLt C%L Ocsie ae a 9°T £9°9 WOR Oe | tee 
To Tek Lee = S76 LG 3 206 WOU LT =O j, sume 
al fe SY OF 
ee a 6408 °0 fecal sy 08 “d Torquoo *y 
squeuqzeedy, yydeq 27eq 


*foTaieq szepun 


Sle 
>< 


TOES *OmTeW SUT fo AQGTATI9e Ssereydsoud SuLL ey Te UL WOTIeLaen TeUOseeq 


co IS CBENE 


nvoyed D-utrrobped | ¥z, Fi, Ber 


re eley et 
7 
mie 
_ - oa 
— 


i © GereLeTusfTsesi nuyzyse - 


~ 
VW 


te o* apsee Gord epee ween 


oy 


4 


a 
7 


ie 


. 
4 

7 - 7) 
> 


-_ 


yw 


we 


Table 3. 


Acid phosphatase activity of the Breton L-SilL 


under the wheat-rallow ropeatiom of Lie Breton 


Plots. 


Pilot number 


veries El 


peries m2 


+ treatment (fa low) (wheat) 
2. Manure ae ORES ge Sa eca0) ee a 
3. NPKS ug FOES 1.75 + 0.62 
4. NS L206 490.15 2 OP Oe 
Dome Ongar Od 0-89" -an0. OF vey Oe 
6. Lime C269 a0 160 Oa) 9 ae Or, 
7. Lime + NPKS 0.68 + 0.04 Os76 + G02 
8. P 0.76 + 0.06 0.55 + 0.10 
9. Manure + NPS JON une OAS s LEROS/ ermal 
L/S Nees) OPIS +0 206 Ue Mae OBES) 


By 
Ww 


X + s, where X is the mean of 3 deter- 


MinswLone: Units -— pmoles 


h 


-1 


ley 
5 


-1 


Stops 


p-nitrophenol 


— 


205 


oh avbrot ec ae 
(teedw)’ os Awe : 


) Pauan 
 * tmemd 


ae 0 


+ 

cao ear” | Sie + ant | ax & = 
SOu0) 40.8 £0 +E = _ Rte 
EHO 4 Oe.L ti 6.0.4 08,6 _ fortnod 2 
5E.0 OF 5) | Abeta emne | omtht <a” 
80.0% aren e: $0,0 #4.0 BHI. + em be sR 
Ore EOL, | 20) Bt 0 7.5 
Er.0 9 Pec2 80.0 4 20.1 B38 + eral 
ae Pe 39.0 + 80.0 2 «OL, 

piga Ee 

# 


#teleb Ft To" pen’ ef at z aredy oe t on 


fonedae thie oy peLomy - sting vedoizents 
: Te Ta 
| at ens 


206 


7 toe 3 y Toueydoarqytu-d 
T- T- 
seTown - satun {suo TyeuTMIEeqYep ¢ Jo UveuW eYyY ST X oteym fs + X 
CeO ae Or Ga 4eelG ae OC Ghee e 1  aG 0. been ao ene aes aN 207 
a i. uf os * SAN 
Og re Cre Cent. Moye eld aoe ee uence ee + SINUBW *6 
DC wOaeO (mr 56. Oe belo al Gl Or +409 Ge Wee’ Opt eo em Gc too es 
e as _ a 7 SMdN 
Pipe Ome. coat mC “G1 O  77%e sac Ost akc al Cel ome + BUTT °7 
Co ey hh ei O, PROC CVC OR ICT aS OO lOr ecole ecco eee emt] <9 
ety te wr eo fo to V1 ieee ce Oe On ve eee ee oe TOrqUueg *G 
MEE NA GEES eee erat ty eee ey ee Ge SIP eR SE ee Oe oly ag 
oO EG ea eR eR re ee C1. ae Gay Sa oS 
COP EOR ee 4410 + ROC ON Oh Ree ee Oo + Bote Ecc im ee oe eInuey *z 
(ee uM) ($480) (Ae T1eq ) (Aeu) (Avy) qUusuyeeTy 4+ 
m Setiec Ge ccm tac Ve Ser loc G Ssetlog Vy SeLloc Loc Weed Ot 


UOTI BIOL Tesk-SATJ 94 TOpuUN TTSs-y] uoqyeag eya Jo Aatatqoe eseaeydsoyd proy 


“s4fOTd wojssg ey, go (Aey ‘fey ‘AoTseq ‘sqvo ‘4 eeymM) 


se 
a5 


eerie 


‘nodes ar 40,1 


v 
— 
- 


; ae 
€adso) 


# 88.5 +eV.S 88.04 i es ee.0 + a 
ce,5 p+ 
ah eS 
ay. 
68,b 
geil 


? es - “or 
asfouy = etinw iantisealaneied = ‘to nase edt al JF etenw 4a f z 


pi eee a od a 
ee , ites ag Pt Romedenstiasg: “5 oe 


CHAPTER 5 


SUMMARY 


Controls on soil phosphatase activity were in- 
weeLigated Under Laboratory and sic ldyeconci pions lin 
baree experimental studies. Ine study reporvedsin caap- 
beotecucharacleri Zed phOSspaduasemaciivi by sOT ei ary 
surface samples of two soils (a Black Chernozemic soil 
and aeGrayslLuyisolic sotl)j,sin terms jor. pueop.imagand 
kinetic.constants.. Experimental results support the 
following sconclusions: 

(i) Pihiopdtiterenvescw Vi by -piucUriecm rors. em Une 

SOilS ind@acate differences in the relative, amounts 

Or (plawipand, mMicropials paosphatases present, -andvin- 

dicate a predominance of microbial (alkaline) phos- 

phatase in .the Black Chernozemic soil. 

(ii) the data suggest a multiple enzyme-environment 

Syeuem, poven 2n driedssoil sewhichpapesdomineteds by 

SClabilized enzyme. 

Get tema IML lard by mar Ka values for phosphatase 

SaCuLlVibyeobsair-dry. samples ofsthesiwogsoils,sup- 

ports the hypothesis that microenvironment influ- 

ences the activity of accumulated phosphatase. 

(iv) differences in Ke values for samples of the 
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tases in solution may result from the effect of 
microenvironment in reducing affinity of enzyme 
for substrate. 
The study reported in chapter 3 investigated 
control of phosphatase activity by orthophosphate in 
suviace Samples of a Uray Livisolie soil over Lwo. siuc— 
cessive ancubation periods, cach @ollowine 2 pulse oF 
nULr Lents invyo the system. Resulte andicate that: 
(i) synthesis of acid phosphatase by the proliferat- 
ing wicrovial pepulabion am incubated soil samples 
Was MOre responsive Lo derevressing conditions Then 
was synthesis of alkaline phosphatase. 
(an) Studiesuot Controls onl phospna vase Uroducu on 
in incubated soil samples are more complicated than 
ehemostau studies of Microorganisms crown in solution 
culture because a significant amount of the phos- 
phatase produced in amended soil by microorganisms 
Can De suabi lized and. remain actie. 
(iii) although extractable P measurements detected 
changes in the level of labile inorganic) F associated 
Withee cepression and derepressi cn Of microbial syn— 
taeabe Of phosphatase, they did mot cleanin eceuabl ish 
the role of recently synthesized enzyme in mineral- 
ization. 
(ive the field appreciable derepression of piros— 
phatase synthesis by microorganisms occurs with the 
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Wheeaemeew Level Op iabtle@inerecante=: same Mapa te 

recently synthesized enzyme. 

The study reported in chapter 4 examined temporal 
and spatial variation of phosphatase activity in bulk 
Samples*of "soil from the Eielaprtand "related @the-~ef tect 
On Crop, rClauron, and teri waer (especially imorganic 
P) on enzyme levels in the field to controls on phos- 
phatase /actrvity by -orthophosphate "witch “operate *avuruiue 
microsite. “Results andicate that: 

(i) there Ws"substantial Spatial and Yvemporal “vari-= 

avulon- in *pnospaatase fevels=in sols; "which must 

be taken into account #n -ileld *svudres. 

(ii) plant growth over the growing season in- 

ereases, the level of phosphatase in the rhizo- 

sphere. The increase in levels of phosphatase 
over the season includes a microbial contribution 

Gf <énzyme, “particularly “in “the Pralletarter Yahe 

period of plant growth) when plant residues are 

being decomposed. 

(iii) the present study did not provide evidence 

for the hypothesis that “application ©rererulizer 

inorganic P reduces phosphatase levels in the field 
by repression of phosphatase synthesis by plant 
roots and microorganisms. 

Civl®expres Sion “of Icontrol of "sorPPphosphatase 

acuLvroyean “wie field by “inorganre *P “supply may 
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and temporal variation of enzyme levels in situ. 

hepresston Of enzyme synthesis Dy sinorganic rr, 

in the field may be masked by a sampling effect 

im whieh increased plant preduction-due=vo Ter- 

tilda Fer application) 1ncreases, tien amount.or rhiuzo- 

sphere soil included in the sample, and hence the 

average Level of “enzyme in the “sample. 

(v) liming of acid soils decreases their acid phos- 

Ula tase acorvyivy. 

Bhee conclusions On euNe sce sou G hese pL Oy NOC a paste og 
comment upon the importance of soil phosphatase activity, 
and the utility of phosphatase activity measurements in 
soil testing. Phosphatase activity is involved in the 
eyeling.o; Pini sotl (especially in undisturbed sigue 
Pune), —spectiically in supplying © wo Mecomposers via 
Gerepressil0n Of SuzyMersyntiesis an absence ol Slriicient 
Tapile inorganic Ff. Mereover, piospiiatase acuivily "or 
Soll is one of several Tactors which devermine “the size, 
cmierave: Ot recharge of the soil Tabile Papool., iPacs— 
Platvase activivy cannot be used indiscriminately as an 
IMidex Gn —cOl. Dertility or “avallable 2 Stauicaweonouy 
consideration of the controls on enzyme synthesis and 
activity. it may, however, have an application as 4 
biological test of available P status of soil, because 
LU ispesscemune Capaciuy Of Soil UG supply P to la row- 
ine Orgihiemess Opposed FO Dhe Size Of a chemical frac-= 


tion defined by the extract solution. dhe dynamic com- 
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ponent*ofephosphatase activity in soil*®is associated 
with a proliferating-microbial population (as opposed 
to stabilized enzyme); plant root enzyme may also be 
Important, ebuLvis difficuls, toWexamineminisi tulisolared 
from microbial enzyme. 

Derepréssion of phosphatase synthesis by the pro- 
liferating microbial population (reported in chapter 3) 
represents the microbial response to an inadequate sup- 
plytof orthophosphate? tand initiationeorf th" biochemical 
mineralization" as defined by McGill and Cole (1981)— 
eeleass Of Pifrommorranic formethrough®enzynaticehydrol- 
yous externaliio themtcell membrane. 9 rAlthoughi plant root 
phosphatases may@facilitate direct utilization. of -organic 
Reiiesotl, “oltochenicekinineralizatgonporeorsanie PAby 
soil microorganisms and@subsequent releasevor biomass P 
bo iwewlabilespool+may contribute indirectly to plant 
Upbake or mobilized ©. Results of they presenu study 
Sugeest that biochemical mineralization, conceptualized 
by McGill and Cole (1981) as a flow from soil organic 
Matter séparate from that of C, N,+and &, involves enzyme 
associated with or recently synthesized by an actively 
SLOW mM echooLa. population, Une, eveny requires: ar supply, 
Of = readilyroxmidizable substrate for microbial growth, 
auGea imived=esupply (or rate of Supply) of labile an- 

Or gan ee rs, 
Several problems require further investigation, and 


the results of experimental work reported herein suggest 
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hypotheses Go be tested. Phosphatase activity of 
derepressed microbial populations may "pump" P from 
Plantecesidues and soll organic FP compounds invo! the 
(Ap lem- sOCOL ayia mMicroblal, olomecc mone Mela Ss repard 
lusumeoe eramimned So "part Of anmrerOuta sOrOCces > (as Op- 
POscd uO aeotrict ly olochemiucal process). Another prob- 
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